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FOREWORD 



This curriculum guide is a result of extensive work on the part of 
rurerous agricultural educators. The materials included here were 
developed lor the express purpose of aiding secondary vocational 
agriculture teachers. The hope is that by having practical and usable 
teaching materials in their hands^ teachers will be able to c^alke 
improvements in their tnstroctional prbgran as well as have increased 
rinic available to spend on other phases of the total vocational! 
agriculture program. 



Thomas G. Clausen, Ph.O. 
State Superintendent 
Depnrtnent of Edur.it ion 
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INSTRUCTIONAL AREA: Agricultural Mechanics 
INSTRUCTIONAL UNIT I: Arc Welding 
LESSON 1: Safety 

I. Preparation for Instruction 

A. Student Objectives 

1. Terminal : Describe the fundamental safety rules and 
procedures associated with arc welding, 

2. Specific: 

a. Describe the protective equipment used in arc 
welding. 

b. Name four rules associated with ventilation in arc 
welding. 

c. Explain the consequences of welding on a container 
or drum; 

d. Describe the steps in fire protection associated 
with ire welding. 

e. List sevefal rules associated with arc welding in 
the following areas; 

I) Installation of arc veider, 

2} Safety cquipacut, 

3) Work area, 

A) Hiscellaneous * and 

5) Maintenance. 

B. Review of Teaching Materials 

1. Phjpps, L. S. tech^ni^B-Jn Agriculture . Danville* 

111.: Interstate Publishing, 1977. 

2. McCoy* V, L. and T_. J. Wakeman. The Farm , Shop . New 

York: MacMillan Publishing Company, 19^0. 
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C. Special Arrangements - 

Arc welding gloves, helmet, apron and/or sleeves, and 
other safety items arid equipment used in arc welding. 

P. Materials Required 

1; Overhead projector and screen. 

: 2. Materials listed above. 

Presentation of Lesson 

A, Motivation 

. . _ ... ... 

A welder is constantly exposed to two eminent dangers, 

which, if not properly handled, can result in serious 

injury or even death. These two dangers emerge because th 

welder is working with an electrical current (that, under 

certain conditions , can provide a hazardous shock) arid an 

op eft flame (produced by the arc). Therefore, it is 

imperative that the beginning welder follow arid understand 

the safety rules associated with arc welding. 
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Concent Outline 



1. Arc welding safety will be discussed under the 
following headings: 

a. Protective Equipment 

1) Always wear a head shield or helmet with 
suitable filter plates or lenses when arc 
welding. The welding helmet is designed to 
protect the eyes from sparks and slag, and also 
from ultra violet rays of the flame or arc. 
The helmet also helps the welder see the work 
better. 

2) Always wear protective goggles when chipping 
and/or grinding welds. 

3) Wear leather or asbestos gloves, aprons, and 
proper shoes. (Transparency I-l-A) 

4) Keep all protective clothing dry and free from 
oil. 

5) Keep all pockets and cuffs of protective 
equipment closed or buttoned. 

6) Never weld with a lighter or matches in the 
pockets of a shirt or trousers. 



b. Ventilation 

1) Always be sure that the welding area is 
propprly ventilated. (Transparency I-l-B) If 
toxic f times are to be encountered, use an 
air-supplied respirator. Make sure the is no 
concentration of oxygen in the welding area. 

2) Never use oxygen for ventilation. Always use 
air for ventilation purposes. 

3) Do not weld or cut for at least 15 minutes 
after protective clothing has been contaminated 
with oxygen ; 

4) Never use oxygen as a substitute for air to 
"blow off" dust or dirt. 

c. Tanks and Containers 



1) Do not weld or cut containers such as drums, 
barrels, and tanks, until it is known that 
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there is no danger of fire or explosion; 
Welding on containers should be done only by 
welders_familiar with the American Welding 
Society* s standard practice f ecdmiriendat ions 
(A.V.S.-A6.0-65). 

2) Do not depend upon smell to determine if the 
residue in a barrel or drum is toxic; find out 
exactly what was in the barrel or drum, 

3) A very small amount of residue can cause ah 
extremely large explosion and serious injury. 

5) Never use oxygen to ventilate a container. 

Fire Prevention 

1) Fire may result from arc welding if combustible 
materials are too close to the welding 
operation. It only takes brie spark or hot 
piece of molteu metal to ignite several 
different types of materials found around most 
agricultural shops. ) 



2) Always remember: 

a) Sparks from the arc welder 'have been know 
to travel up to 35 feet. 

b) Most of the failing slag from the welding 
procedure falls out of sight of the welder 
and is potentially dangerous. 

c) The base metal that is being welded reaches 
temperature hot enough to ignite com- 
bustible materials that it may be in 
contact with. 

3) To prevent fires: 

a) Weld only in an area (if .possible) that is 
completely free of combustible materials. 

b) Weld with the "buddy system." Always try 
to have someone who is not welding to 
monitor while the welding process is taking 
place to watch out for fires that may cause 
serious datsage to equipment and people. 

c) Always inspect the area after welding to 
ensure there are no hot pieces of metal or 
glowing sparks left. 



4 14 



Obey the Following safety practices when using t Ho arc 
welder: 

u. Installation of the arc welder 

1) A certified electrician should install the 
welder to ensure that proper electrical 
connections and wiring techniques are used. 
The switch box or disconnect switch should be 
w.Hhih_re«ch of the welder. Check the frame on 
the welder to determine if it is properly 
grounded* 

2) Make certain the handle of the electrode holder 
and all electrical connections are p roper lv 
insulated. 

3) Use only rubber-covered cable, free from 
splices for at least 10 feet from the electrode 
holders 

3) Keep the off-and-on switch in working condition 
at all times. 

5) Do hot install a welder in c location that it. 
wet or damp or has prospects of becoming wot or 
damp. 

b. Safety equipment 

1) Wear clothing as describe under protective 
equipment above. Always wear gloves. 

2) The wilder and all observers must wear proper 
eye protection at all times. 

3) Wear clear-glass goggles o^ a lift-lehs head 
shield when chipping and grinding welds. 

c. Safety in the work area 

1) Have available appropriate first-aid materials- 
Eye burns from ultraviolet and infrared rays 
feel as if there is hot sand in the eyes. For 
this, apply a drop or two of either 5 percent 
solution of argyrol, 2 percent solution of 
Sutyn, castor oil; or sweet oil in the eye, 
followed by aspirin to stop pain. Eye burns 
are hot usually realized until three to eight 
hours after the burn occurred. If the injurv 
is serious* see a physician. Skin burns should 
be treated as sunburns using any commercial 
compound made for this purpose. 



2) For small and practice jobs, work in a nonlrictal 
fireproof booth to protect others from harmful 
light ray 8, Be sure the booth is adequately 
ventilated; the screens should be several 
inches from the floor for this purpose. When 
working outside the booth* use portable screen 
6hields to protect others. 

3) Try to avoid standing on any metal that is 
grounded to the arc welding machine. 

A) Never weld while standing on a wet or damp 
floor, 

5) Be certain the metal welding table is properly 
grounded and clean. 

6) Place hot metal in a designated area to prevent 
possible burns and fires. 

7) Attach ah insulated holding device on the arc 
welding table to hold the electrode holder when 
not welding. 

8) Under the welding table or in the working area, 
keep a contained in which to deposit each 
electrode stub. This prevents burns to the 
shoes or falls because of stubs rolling 
underfoot ; 

9) Use a welding table and/or welding positioner 
to hold metal secure and in the correct 
position when possible. This helps to prevent 
injury from accidental dropping of the metal on 
the feet or on the body. 

d. Miscellaneous safety rules 

1) Never strike an arc until you are certain that 
everyone nearby is protected from the arc rays. 

2) Do hot hold the electrode holder under the arm 
or between the knees. Also, do not let the 
electrode or holder touch bare skin. 

3) Do not dip electrode holder in water to cool 
it. 



4) Keep the cables from coming in contact with hot 
metal or sharp edges. 

5) If the electrode sticks, cut off switch, ai low 
electrode to cool, and break loose with gloved 
hand. 
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e. Maintenance 

1) Keep all connections, tight . When cables are 
frayed next to the plug* electrode holder, or 
ground; repair them by cutting off the frayed 
part. Resoider, or attach, and cover them the 
same way the manufacturer did. Never leave 
metal cable exposed. 

2) Every month, blow the dust and dirt from the 
coils of the welder with an air hose. Do this 
more often if the area is dusty. Dirty 
transformer coils cause excessive heating, 
lower the efficiency of the machine, and can 
eventually ruin it. 



3) Provide adequate ventilation to prevent colls 
from heating and moisture from condensing on 
and corroding electrical parts. 

4) At least twice a year, lubricate adjustment 
screws and the bearing supporting the screws, 
if th« machine is of that type* 

5) Lubricate the bearings in any coil-cooling fans 
at least twice a year, unless the instruction 
manual specifies otherwise. 

6) Periodically, clean arid inspect contacts, 
switches* relays, jacks, and plug connections. 
Replace worn or broken parts. 

€. Suggested Student Activities 

Have students make a drawing of the shop, requiring a 
detailed drawing of the welding areafs). Include such 
items as the location of fire extinguishers, firi? alarms, 
welders, combustible materials in the shop* etc. 
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ARC WELDING SAFETY 




welding stock 



PROTECT YOURSELF . . . , 




1 



AS HELL AS OTHERS. 
TRANSPARENCY W-A 18 



AP.G WELDING SAFETY 




TRANSPARENCY I-l-B 
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INSTRUCTIONAL AREA: Agricultural Mechanics 
INSTRUCTIONAL UNIT I: Arc Welding 
LESSON 2: Metal Identification 

I. Preparation fox Instruction 

A. Student Objectives 

1. terminal : Describe the techniques used to identify 
various types of metal associated with welding. 

2. Specific : 

a. List the three variables that affect the properties 
of steel. 

b. Describe the basic procedure involved in each of 
the following tests to identify various metals. 

1 ) Spark 

2) Torch 

3) Fracture 

4) Color 

5) Density 

6) Ring 

7) Magnetic 

8) Chip 

B. Review of teaching Materials 

1. Pitipps, L. S. Mechanics ia Agriculture . Dauiville, 

111.: Interstate Publishing* 1977. 

2. Mceoy, V. t. and T. J. Vakemah. The Farm Shop . New 

York: MacMillan Publishing Company* 19*0. 



C. Special Arrangements 

1. Some of the. Vests used to differentiate between various 
metals In this lesson require specific equipment, the 
instructor may wish to have this ttiateriai available to 
show the students. 

2. Have on hand various types of metals. 
D; Materials Required 

1. Overhead projector and screen 

2. Materials listed above 
Presentation of Lesson 

A. Motivation 

In order for a welder to select the proper electrode and 
heat range » he must know the composition of the base metal 
to be welded to ensure a quality weld. There is a big 
difference in welding oh mild steel, cast iron, and 
aluminum^ just to name a few examples. Therefore, the 
welder has to be able to identify the raetals to be welded. 
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B. Content Outline 



t. The properties of steel are affected by three 

variables — carbon content » temperature , and time • A 
welder has to be able to identify various types of 
metal to ensure that the right electrode will be used 
as well as the right amperage range, the best way to 
determine the type of metal is through the manufac- 
turer*? specif i cat ions, but most likely these 
specifications will hot be readily available to the 
welder. Therefore, there are several, eight iu all, 
different tests that can be performed to determine what 
the characteristics of the metal are* thereby enabling 
the welder to identify the metal. The most common 
tests for shop use are the following: 

a. Spark test — This method is iridely used by welders 
to identify various irons and steel* The only 
piece of test equipment required is a stationary or 
portable grinder. The metal is sisapiy placed in 
contact with the grinder and the sparks that are 
sent off from this contact are observed and 
analyzed* Four characteristics of the sparks 
generally will tell the welder the nature and 
condition of the steel. They are as follows: 

1) Color of the spark* 

2) Length of the spark, 

3) Number of explosions along the length of the 
individual sparks > and 

5) Shape of the explosions—whether or not the 
sparks are forking or repeating. 

To recognize th» following different types of 
metal using the spark test, see Transparency I-2-A 
and B: 

White and Gray Cast Iron Tool Steel 

Malleable Iron* Alloy Stesl 

Wrought Iron Nickel 
Mild Steel * 

bt Oxy-acetyiene torch test — Is used to determine if 
the metal has good welding characteristics or the 
weldability of the metal. I^urities imbedded in 
the metal in form of slag or excessive sulphur and 
phosphorus will result in a piece of netai having 
poor welding characteristics. The procedure 
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consisting of melting a puddle in the steel and 
observing how the molten puddle reacts * The 
puddling should be done with 4 neutral flafse; The 
puddle should not give excessive sparks and should 
be fluid. The peddle should not boil, but possess 
good surface tension. If a shiny appearance ij*_ 
noticed after the metal Sas beehallbwed to cool, 
it is considered to have good vilding character- 
istics. If the metal is dull or lackluster afid the 
surface is fitted, porous, or rough * the metal is 
considered unsatisfactory for welding (Transparency 

i-i-t). 

c. Fracture test — * Is widely used and accomplished 
simply toy breaking a portion of the metal h\ two. 
Tfce fractured edges are inspected to determine the 
color of the metal, the type of grain the metal 
exhibits, and whether it is brittle or soft and 
ductile. * 

d. Color test — The two main divisions of metals 
include the Irons and steels, which are typically 
gtay^white in color* and the nonfertous metals, 
generally cla&sified as white yellow* Copper v 
brassy and bronze are easily identified by their 
coiorr. 

e. Density or specific gravity test Hetals can be 
identified by their weight or density. Ah example 
is comparing the specific gravity or weight of 
aluminum #nd isad* Although these t-fb metals may 
be similar in color, it is easy to differentiate 
the» based on weight. 

f* Ring or sCrOifid test — Ssund is &sed to deteraine 
the difference between two pieces of metal. This 
procedure require! experience a£><f the knowledge of 
the founds _t>f different types of metal. An example 
Is the difference fcetveen aluminum aM fetaiurain 
(alloy consisting of 95* 5 part alustimra £6 3 parts 
copper , 1 part manganese, and ^5 part magnesium). 
The alisminum fcheet would have a duller sound than 
the duralumin, which is harder aM has a sabre 
distinct ringing sound. 

g. Magnetic test — A test used to distinguish between 
steel and Eonferrous Petals. Generally* *3l steels 
are affected by magnetism jtndjnonferrouc metals ire 
not. However, some of th^ stainless steels arc not 
magnetic. 
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h. Chip test This test requires some prior 

experience* A cold chisel is used to cut into the 
tsetai at an angle to indicate the structure and 
heat treatment of She metal. Cast iron, when 
chipped; breaks off into small pieces * while a 
piece of asiid steel tends to curl and cling to the 
original piece (transparency i-2-6); 

£; Suggested Student Activities 

Have an assortment of metals to be identified by the 
siaclents based solely on the appearance of the metals. 
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SPARK iDENTiFiCATION ON HIGH SPEED GRINDER 



METAL 



SPARK STREAM 



White and Gray Cast Iron 




COLOR STREAM 
LlNGTH 

Top-Reel 
Bottom-Straw Yellow 

20" to 25" 



Malleable Iron 




Straw Yellow 
About 30" 



Wrought Iron • 




Top-Straw Yellow 
Bottom-White 
About 65" 



Mild Steel 




White About 70* 
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SPARK IDENTIFICATION ON HIGH SPEED GRINDER 



METAL 



Tool Steel 



SPARK STREAM 




COLOR 
STREAM LENGTH 



White Afcout 55 M 



Alloy Steel 




Top-Straw Yellow 
Bottom- White 
Length Varies 



Nickel 



Orange Abo 
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OXY-ACETYLENE TORCH TEST 




POOR .QUALITY 
FILLER ROD 



GOOD OUALiTY BASE METAL 

~ = Z -= J 

POOR QUALITY BASE METAL 



Sm«lj Porficlti 



TRANSPARENCY I-2-C 
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IKSTtUCTlOHAL UNIT t: Arc Welding 

LESSON 3: Joint Preparation 

I. Preparation for Instruction 
A. Student Objectives 

1. Terminal : Summarise the types of joints used in 
welding an<? the characteristics of each joint. 

2. Specific ; 

a. List the five types of joints. 

b* Describe the Sbst common way joints are prepared. 

c. Discuss the main reasons why iaetals are beveled. 

d. tist the steps in joint preparation. 
8. Review of teaching Materials 

Kennedy, C. A. Welding Technology. InJfanapolis, Tnd.: 
Bobbi^Merrill Educational Publisfiire, 1978. 

€. Special Arrangement I 

li Display of the five types of joints 

2. Eqaipient used in joint preparation such as the oxy- 
acetylene torchi portable and/or stationary grinders, 
files, etc. 

D. Materials Required 

1. Overhead projector and screen 

2. Materials listed above 
It* Presentation of Lesson 

A. Motivation 

Since It is necessary for the welder to prepare materials 
before they are welded, it is important to know the 
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different types of joists; how they are prepared; and sbae 
of the advantages and disadvantages of each type of joint; 
The quality and strength of the finished project will 
depend greatly bu the welder's ability to prepare the octal 
properly. 




Content Outline 

1. The tvpes of joints used in oxy-acety lene weidi::g zr.d 
arc welding can be classified as lap, edge, tee; butt, 
and corner, as shown in Transparency I-3-A. 

a. Lap — The lap joint is two overlapping pieces of 
netal fused together by such welding processes as 
spot. plug, slot, or fillet welding. 

is; Edge — The edge joint is made by placing the 

surface of one piece of metal to be welded on or 
against the surface of the piece to be joined, so 
that the weid is located on the outer planes of 
both parts. 

c. Tee — The tee joint is welded by placing the edge 
of one piece of metal on the surface of the other 
to form a 90 # angle. This forms a shape that is 
similar to the letter "T," hence its name. 

d. Dutt — The.butt joint is when two pieces of netal 
are simply "butted" together so that the bead if. 
between the surface planes of both fused parts. 
When joints are prepared and welded from both 
sides, they are classified as double joints. 

e. Corner — The corner joint is so classified because 
the two pieces of ">etal are placed 90 c to each 
other in the fori of the letter "b." Corner joints 
can be prepared by grinding, machining, or fiane 
cutting. Corner joints can also be classified as 
ha If -lap, coriier-to-cor >;er , xnd full inside. 

2. Most bh-the-jbb preparation is done by using the 

bxy-acetylene cutting process and portable electric 
power grinders. Carefully controlled oxy-acety icne 
equipment* such as a radiagraph (copy or pattern 
torch) i is eh excellent way to prepare joint?; for 
fabrication. This method may only be done in the -hop, 
which is a major disadvantage. 

The square groove joint is the most economical hut is 
often good only for products that are to be rade nf 
light-gauged material. 

When metal is beveled, the cost is higher. However , 
there is often no alternative, especially if Immvv 
plates are to be welded. Without proper edge 
chamfering, complete penetration is impossible and 
without good penetration, the resulting wtid Jni nt will 
be weak. 



For the greatest economy* select a root opening and 
groove angle that requires the least anount filler 
rnateriai; 

3; Factors to consider in joint preparation are listed 
below: 

a. Select the cype of joint using the following 
criteria: 

1) Load intensity, impact stress, compression, 
tension, fatigue, and warping 

2) Cost of the finished product. The 
lowest-priced joint will require the least bead 
fill. 

3) Cut or manufactured joints 

a) Check to ensure that all slag and foreign 
materials have been removed (such as dirt 
rust, paint, etc.) from the- surface of the 
joints to be welded. 

b) Check to ensure that the joints fit 
together properly before they are welded. 

c) Determine what type of "passes" (beads) 

will be used to give the joint the strength 
and characteristics called for. 

4 C Advantages and Disadvantages of Various Joints 

a. Edge joint — 

Advantages 

For simpler loads, the edge joint is fairly easy to 
weld. 

Disadvantages 

1) It is hot practical for structures to he 
subjected to high intensity loading. 

2) Where impact of stress-causing fatigue is 
possible, a weld other thriri the edge joint 
should be considered^ 
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b; Butt joint — 
Advantages 

Joints which will be required to withstand fatigue 
stress , shock, or bending should be prepared as 
butt joints, rather than single- or do'vh -fillet 
lap joints. 

Disadvantages 

1) A major disadvantage of butt joints is that 
they are more costly than lap joints; 

2) Butt velds will present a greater problem to 
the welder than will fillet welds when used 
with the lap joint. 

•* 

c. Gfbdve-weld joints — 

The root opening, root face, and groove angles, 
should be designed to give complete penetration an 
maximum strength, with the least amount of 
electrode metal. Groove -veld joints take in the 
groove angle, root face, and root opening for 
considering the veld's entire penetration. 

Regardless of 'Jj* type of preparation on the joint 
weld strength depends on whetfscr complete joint 
preparation has been accomplished during welding. 



Suggested Student Activities 

1. Have the students arc weld the joints described in th t 
lesson. At the completion cf each joint, require tiiSt 
they turn in a written assignment on the procedure 
followed to make and veld the joint. List advnnt.iRcs 
and disadvantages to each joint (which ones were hard 
to veld and vhy) . 

2. In preparing a joint using the buy-acetylene cutting 
torch, have the student veld the joint ($) without the 
aid of *_$rinderi _T^is will cn cburagc the student to 
heroine proficient at using the torch correctly* 
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COMMON TYPES 
OF WELDS AND JOINTS 




£ 



vv 



BUTT WELD 




BEVELED BUTT WELD 




TEE WELD 




CORNER WELD 




LAP WELD 



TRANSPARENCY I-5-A 
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INSTRUCTIONAL AREA: Agricultural Mechanics 



INSTRUCTIONAL UNIT I: Arc Welding 
LESSON 5: Welding Pipe 

1. Preparation for Instruction 
A. Student Objectives 

1 # Terminal : Describe the areas that use pipe welding. 
2, Specific : : 

a. Name the organization that sets standards for 
welding pipe, 

b. List several advantages of welding pipe. 

c. List the four main groups of pipe welding. 

d. Explain the tern "lap collars." 
E. Review of Teaching Materials 

Kennedy, C. A. Welding Technology . Indianapolis. Jnd, : 
Bobbs-Merrill Educational Publishing. 1978. 

C. Special Arrangements 

Have on hand various pieces of pipe* some with threaded 
ends, others that have been prepared for welding. 

D. Materials Required 

1. Overhead projector and screen 

2. Materials listed above 
ft; Presentation of Lesson 

A. Motivation 

Manual shielded arc welding was used as e.irly as 1928 to 
weld pipes together to construct a pipeline. Since that 
time t its use has Increased tremendously. Pipelines are 
used for many commodities besides oil and gas. A welder 
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today will need to know nsny techniques that are used in 
welding transmission pipelines. 
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B. Content Outline 



Pipes are taanuf acturered from both ferrous and nonferrouo 
metals, as well as from different types of plastics; Pipes 
made iron ferrous metals (wrought iron, low and high alloy 
steels, stainless steels) are still in great demand. 
Wrought iron pipes are usually used where corrosion is a 
problem^ although plastic pipes are appearing bh the r-ir*et 
and are being used, where possible. 

Until recently, pipe welding qualifications have varied in 
different parts of North America. To stabilize pipe 
welding qualifications and pipe system testing, standards 
have been set up by the American Petroleum Institute (API) : 
To be approved, pipe welders must pass certain tests,. 
Today, the tests nonaally depend upon the pipe system codes 
being used by pipe system owners, engineers, and local 
and for federal authorities. 

Advantages of Welded Pipe 

h Material Saving — Welded pipe fittings are now 

available for air conditioning* heating, refrigeration, 
and other plumbing jobs at a cost that is often less 
than threaded fittings, {Transparency I-S-A) 

2. Labor Saving — Installing a welded pipe system is 
quicker and easier than installing a system using all 
threaded pipe. 

3. Strength — A properly welded pipe system is strong, 
leak proof, and will usually outlast a similar systen 
that has been put together with threaded fittings. 

4. Easier Flow — Turbulence, erosion, and clogging are 
greatly reduced in the welded system. 

5. Insulation and Appearance — Insulating Welded systems 
is simple and easy^ since the outside diameters of the 
pipes and fittings are Identical. Nesting the pipes 
against walls and corners will give a better J oh 
appearance and save space when a welded system is used. 

The pipe industry can be divided into four different groups 
for welding purposes. Each pipe system has its own weldir.R 
requirements and Ipecif ications. The four groups includ*: 
the following: 

1. Subcritical Pipe Welding ~ Most of the pipe and 

fittings are fairly small in diameter and have st.ind.iH 
wall thickness. Low pressure heating system, air 
conditioning, different service installations, ariCi 
simple water supply systems are all classiiied as 
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subcriticai pipe systems. It is called subcriticai, 
because little or no Soman danger Is anticipated if a 
defective weld is cade. For this reason* special 
welding qualifications are not often required for 
subcriticai pipe welding in cany places; 

"J f* — 4 +4**»\ Clfui Ua - J Trier f P roccnrp ATlA P rvy T 

_ # vt i>w x wo *■ a.|^w •»* • ■« " c v » » — — ■ — 

Systems) — Welding pressure and power systems are 
classified as critical because of the high pressure 
that the system is usually required to withstand. 
Critical pipe welding is required for pipe systems in 
refineries* generating plants, chemical processing 
plants, petroleum plants,, and other places where weld 
defects could be both costlv and dangerous te husan 
life. Welders mist have special qualifications to meet 
pipe ^ode requirements for this area. 

3. Cross-Country transmission Pipeline 

Welding — Cross-country transmission pipelines are 
usually used to transport natural gas or petroleum^ 
products. The pipe sizes used varies from about 10" 
diameter to over JS tf diameter for a main line. Weld 
qualification standards for transmission pipeline 
welding in the United States are set up by the American 
Petroleum Institute (API). 



4. Water Transmission Pipe Welding —Water transmission 
pipe welding can be done by any wilder, without special 
welding qualifications. Water transmission pipelines 
come in sizes as small as 1" in diameter up to 
approximately 8" in diameter for main lines. Water 
transmission lines for crop irrigation are often made 
of galvanized iron to withstand corrosion. Unlike 
cement-coated pipes, corrosion-resistant galvanized 
pipes are fairly easy to install and weld. 

Manual Arc Welding Water-Transmission Pipelines 



The qialificaticm tests for welding water-transmission 
pipelines ire not usually as difficult as the qoftlif 'cation 
tests for welding critical high-pressure lines. Butt 
welds, similar to those used on critical or subcriticnl 
pipelines, are also fcfijuently uf*4 to join 
water-transmission pipelines. 



tap Collars ~ Lap joints are normally the best joints to 
use for joining pipe with a wall thickness of at least 
3/8". Lap collars have ah inside diameter equal to the 
outside diameter of the pipe^ allowing the pipes to be 
butted together and welded into a single u .it with fillet 
welds as illustrated in Transparency 1-A-B. 

Smaller diameter water-transmission pipelines can be vHtkfi 
with the same techniques used for critical and subcritK;ii 
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pipe systems. Generally speaking; the prepared fittings; 
electrodes i and positions for other pipe veldifig will work 
for water pipelines. 

C. Suggested Student Activities 

1. Have students practice arc welding bri pieces of pipe. 

2. Assign the students to find but what type of pipeline 
welding is done locally. Have the students fbllcv up 
by finding but what qualifications are required for 
welders. 
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ADVANTAGES OF WELDED PIPE 




'/elded pipe fittings with beveled ends 
prepared for welding* 




LAP COLLAR 



FICCET WELDS 

WATER PIPE 

r*f£*~ SQUARE 
CQtttH BUT1 JOlNt, 
NOT WELDED 

A LAP COLLAR MAY BE USED FOR 
EASILY JOINING WATER TRANSMISSION 
PIPELINES. 




TRANSPARENCY M-B 
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INSTRUCTIONAL AREA: Agricultural Mechanics 

INSTRUCTIONAL UNIT I: Arc Welding 

LESSON 5: Reading Blueprints and Drawings 

Z. Preparation for Instruction 

A. Student Objectives 

1. Terminal : Explain, and identify the common symbols 
associated with arc welding. 

2. Specific : 

a. State the main reason why welding symbols arc 
used. 

b. List the three factors ^iveri by the reference line. 

c. Explain what types of information are placed in the 
tail of the reference line (arrow) . 

d. Describe what the following symbols indicate: 
U Reference litse bre*k 

2) Black dot 

3) Open circle 

A) Contour letters 

a) M 

b) C 

c) G 

B. Review of Teaching Materials 

Kennedy, G. A. Welding Technology . Indianapolis, 
Indiana: Sobbs^Merrill Educational Publishing, 
1978. 
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C. Special Arrangements 



None 

D. Materials Required 



1. Overhead projector and screen 

2. Materials listed above 
Presentation of Lesson 

A. Motivation 

i, When a welder knows the common welding processes arid 
procedures j he should also know how to read welding 
blueprints (instructions). Welding most common repai 
and construction will be easier to understand If the 
welder has a knowledge of blueprints* 

2; Several basic techniques are used to weld structural 
framework in industry. The _ technique may vary^ 
depending on the job being done. Welding for repairs 
and welding for a new construction viti require 
different methods. In all cases, \ a language known as 
weld symbols will tell the welder wtwat to do. 
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B. Centeht Outline 



Common svmbols are used in the welding trade on instruction 
rfl.ri.ts kribvm as blueprints. These instruct the welder what 
tu do and where to do it. the blueprint can either be a 
rough-drawn or well-designed weldoent plan. Both written 
directions and welding symbols may be included on the 
blueprint to tell the welder what type of joint prepara- 
tion, weld bead* and other techniques are to be used for 
each weld. Without the use of symbols, the engineer and 
draftsmen would not be able to briefly tell the welder all 
the important information about the welding area. To write 
out these directions in long hand would be too costly and 
time consuming. 

Standardized weldfcng symbols make these directions quick 
and efficient. Even though only a few symbols are usually 
used, these save time and eliminate many long explanations. 

Symbols used \,y draftsmen and engineers in welding are as 
f ol lows: 

i. joint The joint is the reference point. The. type 
and preparation of the joint, as well as the weld type, 
will be indicated by the symbol. The symbol itself 
always refers to the joint and, basically^ the symbol 
looks like an arrow. The symbol has several parts, as 
follows: (Transparency I-5-A). 

a. Reference Line The arrow has two sides— a top 
and bottom—to its reference litie. Weld informa- 
tion is on the top side of the reference line and 
information about the weld ts on the other side, 
away from the arrow. Hence, top symbol side equals 
other weld side. 

The bottom side of the arrow's reference line has 
information on it about the veld located on the 
arrow side of the joint. So, bottom symbol side 
equals arrow weld side. 

Tf information on both sides of the symbol's 
reference line is the same, it means that both 
siaes of the joint are to be welded the same 
(f ransparet cy I-5-A) . 

b. Tail — Welding specifications and other informa- 
tion used to make the weld are placed in the tail 
of the arrow. 
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c. Reference Line Break — If the reference line has a 
second break in it, as Transparency I-5-B is 
indicating, the second break will point toward the 
piece of parent metal that is to receive all the 
preparation. The .second break is used when only 
one piece of metal is to be prepared. 

u. Bl^ck Dot — A black dot at the break indicates 
that the veld should be done on the job site, not 
in the shop. This is also called welding "in the 
field." 



e. ©pen Circle ~ If there is an open circle at the 
weld break, it indicates that welding should be 
done completely around the project at the position 
indicated by the arrow. (Transparency I-5-C) 

f. Contour Letters ~ Contours formed by machining, 
chipping, or grinding are indicated by the letters 
M, C, and G, respectively . If the weld is to be 
machined, chipped, or ground, the correct letter is 
placed oh top of the contour symbol (Transparency 
I-5-C). 

Both arc and bxy-acetylehe welds use thi same type 
of wis Id symbols. Transparency 1-5 -t) shows the 
symbols used for each basic type of weld: groove, 
bead, fillet, etc. If ihfornatidn were for the 
weld near tfie arrowhead (arrow side), the symbols 
would be turned upside down. 

2. A description and list of other welding symbols 

commonly used are shown tn transparencies I-5-H, F, G, 
H, I, J, K, and L. 

C. Suggested Student Activities 

1. Assign the students to make a detailed drawing using 
welding symbols from written directions on a particular 
joint or piece to be welded. 

2. Shov the students a particular joint that has been 
welded. Have students write but in long hand what they 
see. Then have students use symbols to describe the 
same joint or joints. 
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WELDING SYMBOLS 



INFORMATION 
SYMBOL ON 
REFERENCE 
LINEFOR 
OTHER SIO€ 



ARROW 
SIDE 




REFERENCE 
LINE FOR 
BOTH 

SIDES 



SYMBOL ON 
LINE FOR 

arrow side 



Basic parts of the arrow weld 

SYMBOL 



f»e».o weld 

SVMROt 

SECOND REPERCWCt tlNt-BPEM 
ALLOWS ARROW TQPOINT AT WE LO MEMBER 
TO RECEIVE ALL INDICATED PREPARATION 



A BLACK DOT ON THE REFERENCE LINE 



INDICATES THAT THE WELD IS TO BE 
MADE IN THE FIELD. 



REFERENCE LINE 



TRANSPARENCY I -5- A 

4o 



WELDING SYMBOLS 




i PREPARATION. POINTING 
1»U1H SiOES TOWARD. 

top piece 



to Receive all 

PREPARATION 

WHEN THE REFERENCE LINE HAS 
A SECOND BREAK? THE SECOND 
BREAK POINTS THE ARROW TOWARD 
THE MEMBER TO BE PREPARED. 



JCMNT 
PREPARATION- 
_BOTM SlOEJL- 
TOP MEMBER 

ONLY 



BUTT JOINT 



A dOI NT PREPARES AS IN- 
DICATED BY THE SYMBOL ABOVE. 



TRANSPARENCY I-5-B 



WELDING SYMBOLS 



VVFUMMO lO BE OONC 
AI4OUN0 THE JOINT 




An open circle: around the 
reference line break indicates 
that the weld is to be made 
completely around the joint. 




WtftD 

MACHINED 



THE FILLET SYMBOL ON TOP OF THE 
REFERENCE LI:'JE INDICATES THAT A 
FILLET WELD IS TO BE MADE ON THE 
OTHER SIDE OF THE TEE JOINT. 

The capital F! and straight line 

INDICATE THAT THE 
FINISHED WELD IS TO 
BE MACHINED. J- 




The contour symbol and capital 
s indicate that the finishes 
weld is to be ground. 




The contour symbol and capital 
g indicate that the finished 
weld is to be chipped. 
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I'ELDING SYMBOLS 



*tUG OH SLOT WltOj 



GROOVE WELD 



Bt AO WEtO 



BEAD (BOltO Uf»j 

H) FLUSH 

contours (?) ccawcx 

(3) CONCAVE 



FlttO WELD 



WELD Alt ABOUND 



SYMBOL 



jj 

V 



SQUARE 



B£VEt 

u 



"J" 



"O" 



Each type of weld, with details, 
has its own weld symbol. 



TRANSPARENCY I-5-D 



V/ELD!NG SYMBOLS 



BEVEL 
Symbol 



J SYMBOL 



/ ILL FT 
SYMBOL 



RIGHT 

V 
V 



WRONG 

M 

y 



FILLET Vf£U) 
OTHER SfO€ 



WELO TO Bt 
MACHINED 



€601$ 

/ 

ELECTROOC 
TO BE USED 




TCE JOINT 



When a symbol such as a A simple Tee joint and a common 

BEVEL, FILLET, OR J IS WELD SYMBOL FOR THE JOINT. 

PLACED ON A REFERENCE LINE, 
THE VERTICAL PART OF THE 
SYMBOL MUST ALWAYS BE 
DRAWN ON THE LEFT. 




Completed Tee joint, welded 
according to the weld symbol 
in the top right corner. 
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WELDING SYMBOLS 



__«VMfKH_ 

position means 



JOINT 

\ 


il 


ARROW SWf 

/ 1 





A AS SHOWN BY A BLUEPRINT 




nufJ 



B riLUT ff|U5 WADE ON THE ARROW 
SICC Of A TEE JOINT 



A common Tee joint*_as blue- 
printed AND AS WELDED. 



P*EPA«ATK>J 

SECOND BREAK 
SHOWS THAT 
ALL. PREPARATION 
IS TO BE ON 
UPPER PIECE 

J SYMBOl ON BOTTOM 
ON *SBOW SIOC ONI V 




A COMMON BUTT JOINT, AS BLUE- 
PRINTED AND AS PREPARED. 
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WELDING SYMBOLS 



join: 



> 



j 



AHH()W_ SlDf 
A As shown On ihr htutptirii 



StNGL£ L VEt 
PREPARATION 

OAs prtpurtd ai ihr jotni 



A COMMON BUTT JOINT, AS BLUE 
PRINTED WITH A VEE-GROOVE 
AS PREPARED • 




JOINT 



SECOND CREAK MEANS 
ALL PREPARATION TO 
BE OONE TO UPPER 
P»ECE 

A. A* shuwn Oft the 
tturprmt. 



TOP OF REfSRENCE 
CINE MEANS 

PREPARATION ANO WEtO 
tO BE ON OTHER SlOE 

0. A* pnpurvd at ihr 



A COMMON BUTT JOINT, AS BLUE- 
PRINTED AND AS PREPARED. 



SYMBOL 
FOR FlLLEt WECO. 
TOSJTl6w_«5« 
OTHER SIDE 



> 



X AS SHOWN BY A BLUEPRINT 







FILLET 






WELD 

X - 





__B fJkLf t WELD ON 
A TEE XMNT PLACED OM THE 
StOE OPPOSITE Tl« **RO« 



A common Tee joint, as blue- 
printed AND AS WELDED. 
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WELDING SYMBOLS 



XNNT 

j 



PQUBLC 'VCC SYMaOt; BOTH t 
SIDES Of ONE - BOTM SiC€S 
or JOINT 

A. A* tfiuWH on the hi$tepfin/. 

DOUBLE -VEE 
JOINT AND WELD 




B. As wtlJtJ « J i hi' ftHHi 



HE AO WjEtD ALL 
_WtlL> AHOUNO 

symbol symbol 



/ 




PIPE 



JO«NT 



STEEi. PLATE 



A At ihown on the blueprint 



lit AO WE L DED 
Act AROUNO 




8. A % wtUied m the fO*tYt. 



A COMMON DOUBLE-VEE BUTT 
JOINT, AS BLUEPRINTED AND 
AS WELDED. 



Wb-eh_* pipe is to be 
beldedtoa steelplate 

the open symbol for 

weld all around is often 

USES AS SHOWN. 



SYMBOL FOR DOU8U 
J PREPARATION - 
PORTIONED FOR BOTH 

aoES or joint 




JOINT 



PREPARE l#UN 



SfcCONO tftHfcA* 

•NO*CATE!> THAT AL> 
PREPARATION SHOOLO 
BE ON TOP MCMBCR 



A A* *h**wn *m <*•# «mw 




A DOUBLE- J JOINT, AS DRAWN AND 
AS WELDED. 
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WELDING SYMBOLS 



WfLD IN 
FIELD 



JOINT ^ 




SYMBOL 

i 





MLLCt 
StMliOLS. 
BOTH SIU( S 



nan 



A As *hown uii him prim 



NlAVV BtAM 
./LOWERED. 
INTO Pt*Ct 




JOINT 



_ EXISTING. STRUCTURE 

IN BUILDING BEING EXPANDED 



& Ai w fide J at the joftii. 

A DOT AT THE REFERENCE LINE 
BREAK INDICATES THAT THE WELD 
IS TO BE MADE AWAY FROM THE 
SHOP OR "ON LOCATION." 



20*NT 



fillet j^msol positioned 

ON BOTTOM FOR ARROW 

SIDE WE1D 

SlZl 
1 SYMBOL 




\ 
T 



< 



a S^b FiUEJ WELO Symbol 

iNOfr^TFO RY A U.o£i"K*Nl 




B TCI JOtNTJwetDCD AS 

INDICATED BY THE 

BLUEPRINT 



The WIDTH OF THE weld will 
APPEAR ON THE LEFT OF THE 
WELD SYMBOL • 



WELD HEIGHT 
(SI26JJ.6FT OF 
SYMBOL 

I 



J- 

1 



WELD LENGTH 
RIGHT Of 
SYMBOL 



LOCATION 
AND t>«MENSHMM 

_o*_ _ 



Held dimensions may appear 
on a weld symbol. 



Si?fc Of 

OTHER LENGTH 

&.OE i^MBOL Of 
WEED WELDS 






>- 


> X>INT 





AS MOWN IN * Bt-UfPHIMT 




f tNISMED WHO SEEN FROM ARROW &OE 



The length oe the held will 
appear on the right of the 
weld symbol. 
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WELDING SYMBOLS 



JOIN? 



VERTICAL LEG 
SIZE 

1/4" 



SYMBOL tOH 
OTHER S 



r HORIZONTAL \ 
LEG SIZE -V ^ 

LENGTK 



If the fillet weld is to be 
thicker on one of two members 
OF THE Tee joint, the weld 

SYMBOL WILL HAVE THE VERTICAL 
LEG SIZE FIRST, FOLLOWED BY THE 
HORIZONTAL LEG SIZE. 



60- INCLUDED 
ANGLE, OTHER 
SIDE 



* 60* 



x 



7 



.1/8- ROOT GAP 



1/8- 



fit IN( 'MUX o 
ANiii i 
AMI* *W 




1/8- ROOT GAP 



At AS SHOWN ON THE BLUEPRINT 



B, AS PREPARED AT THE JOINT 



THE INCLUDED ANGLE SIZE, IN DECREES, MAY BE PLACED 
IN THE VEE AS SHOWN. IF A ROOT GAP IS SPECIFIED, 
IT MAY ALSO BE PLACED IN THE VEE. 



TRANSPARENCY I -5- J 
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HELD I No SYMBOLS 




WE tO 
WIDTH 



WELD WELD 
LENGTH PjtCH 

v_ _> 

25 



FILL E? WE Lb 

SYMBOL- 
BOTH SIDES 



A. A* shown on the biucpntu 



WEtD -PJTCH 

{BETWEEN CENTERS) 




FILLET WELDS 
r LONG. 
i f 4* HIGH 
B. M welded at the fowl. 



If a second number is given after 
the weld length, it is the weld 
pitch, the distances between the 
centers of several welds, 




STAGGERED 

FILLET _ 
SYMBOLS 



\ *5Lb_ 

\ LENGTH 

Ms 



V 



WELO 
PITCH 



A, As SHOWM ON THE BLUEPRINT 



V/ELDS 
T LONG*" 



__ __r pitch 

(CENTER TO CENTIilij 




__WELDS 
STAGGERED 

B. AS WELDED AT THE JOINT 

IF THE WELD SYMBOLS ARE STAGGERED 
ON EITHER SIDE OF THE WELD LINE, 
THE WELD SHOULD BE STAGGERED ON 
EITHER SIDE OF THE JOINT* 
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WELDING SYMBOLS 



9 



'MAO BUM.OU* 
WllO ALL AROUND 




BOUND SHAFT 
WELDED AS PER 
BLUEPRINT 



BEAD BUILDUP READY FOR MACHINING 



TWO HUMPS ON THE REFERENCE LINE TELLS 
THE WELDER TO BUILD UP THE AREAS WITH 
BEADS OR PADS. 



plug we to symbol position indicates 



SYMBOL / WELD TO BE ON ARROW SIDE 




A . A i i/iown on ihr blueprint 



30- 

COUNTEBSiNK 
ANCLE 




V A p't fHi' Vil hi tin yiitni 



symbol for slot 
or plug weld position *or 




BUILT UP 1 14' r LONG 



The slot weld symbol is 
similar to the plug weld 
except that it also has the 
slot^ length and width in- 
DICATED. 



The symbol eqr a plug weld 
will indicate the plug. weld 
countersink angle, position, 
and how far the plug is to 
be built up, 
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INSTRUCTIONAL AREA: Agricultural Mechanics 



INSTRUCTIONAL UNIT II: Oxy-acetylene Welding 

LESSON 1: Safety 

I. Preparation for Instruction 
A. Student Objectives 

1. Terminal : Describe the fundamental safety rules and 
procedures Associated vith oxy-acetylene welding. 

2. S pecif ic ; 

a. List and describe several safety rules pertaining 
to the areas listed below; 

1) Cylinders, 

2) Torches and regulators, 

3) Hoses, 

4) Setting up, 

5) Adjusting pressures, 

6) Operating the torch, 

7) Backfires and flashbacks, arid 

8) Extinguishing the torch. 
E. Review of Teaching Materials 

i, Phipps, L. S. Mechanics in Agriculture . Dnhvt]li ; f 
111.: Interstate Publishing, 1977. 
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2. McCoy, V. L. and T. J. Wakcman. The Farm Shop . Nt*w 
York: MacMillan Publishing Company, i960; 

C. Special Arrangements 

Have on hand t:he safety equipment that is used in o>y- 
aretylene weitling and cutting, such as cutting gnggli 
gloves, aprons, etc. 
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D. Materials Required 

1; Overhead projector and screen 
2. Materials listed above 
II. Presentation of Lesson 

A. Motivation 



Safety cannot be "bought"; it taiist be "practiced." This is 
especially true when working with oxygen and acetylene 
gases. The nost common hazards found in welding are burns 
caused by heated netal and welding dust, and injuries frbr 
toxic gases or fumes. The welder should be thoroughly 
informed regarding all safety practices, including the use 
of oxygen and acetylene for both welding and cutting. 
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5. Concent Outline 



1. Oxy-acetylene safety, i.. of the utniost importance in 

welding and cutting because the welder is wording with 
two flammable gases and an open f lane. (Transparency 
II-l-A} For this reason* oxy-acetylene welding and 
cutting safety is broken down into the following eight 
categories: 

a. Cylinders (Trsnsparency II-i-B) 
Cylinder safety includes: 

1} Use only approved cylinders. Do hot drop 
cylinders at any tice. 

2} Always call acetylene "acetylene 11 — riot "gas." 
Call oxygen "oxygen" — not "air." 

3) the approved method of determining what the 
contents of a cylinder contains is to look for 
a tag or isarkings on the cylinder near the 
valve. If it is unmarked, do not use it. 

not rely en color or size to distinguish 
between oxygen and acetylene. 

4) Never use a cylinder for other than t'nr 
cylinder r s intended purposes. 

5) Keep all oil arid grease away frorn cylinders and 
especially the area areurid the cylinder's 
valve . 

6) Do not store oxygen and fuel gas together; 
store separately. 

7) Keep cylinders away from exposure to sp.-ifksj 
hot molten nets* * , an open flame ^ and any 
sources of excessive heat. 

8) Never strike aft arc o:i Lhe cylinder or expose 
the cylinder to an electrical current: 

9) Always make sure the cylinders are upright iirul 
secured to the wall or properly secured i t ^ .j 
portable welding enrf . 

10) Always transport and store acetylene in the 
upright posit ion. 

11) Never try to lift the cylinder hy the cap, will* 
a sling, or hy electric riagriets. 

12) Never try to refill n cylinder. 
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13) 



Mark all empty cylinders M Enpty" or M MT." 



14) Never try to alter a cylinder. 

15) If the cylinder's \alve does hot open by hand, 
never taite a. wiciv^t* wi xw***-**- * - — — * » 



16) If a leak is detected atound the cylinder s 
valve or the cylinder's fuse plug and will not 
stop when the valve is tlosed, proceed as 
follows: 

a) Take the cylinder out of doors, away from 
any possibility of being ignited. 

b) Kark or tag the cylinder to show that it is 
dangerous and inoperable. 

c) Notify the supplier as soon as possible- 

17) Always keep the caps to the cylinders on at all 
tines when tfcr cylinders are not being used. 

18) Never use anything but an approved wrench for 
the cylinder if the cylinder does not have a 
wheel type of valve on it.. These wrenches can 
be obtained fron the supplier. 

b. Torches and regulators (Transparencies Il-i-C, D, 
and E) 

Torch and regulator safety includes the following: 

1) Never work with defective equipment. Leaking 
or damaged equipment can be explosive and 
should be repaired only by trained personnel. 

2) Keep the torches and regulators clean and in 
operable condition at all times. 

3) Keep all oil and gretse away from torches or 
regulators. This i cl^ls oily rag? or gloves 
that may have oil or grease on them. 

4) Never connect a : emulator to a cylinder ft is 
not designed to operate from. Oxygen cylinders 
have right-harded threads and requi' « that the 
oxygen regulator also have right-handed 
threads. The icetylene cylinder has left- 
handed threads and requires that the acetylene 
regulator also have left-handed threads. Never 
try to force the regulator onto a cylinder. 
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5) the regulators should be checked periodically 
to ensure that the gauges are reading 
accurately. 

6) The torch is never to be used in place of a 
hanoer to knock off a hot piece of tsetal after 
it has been cut. This can cause cartage to the 
internal workings of the torch. 

7) When the torch becomes clogged or stopped up, 
use only ah approved tip cleaner and follow the 
proper procedure. 

8) All connections to the torch an«i regulator 
should be nade using an approved wxench. Sone 
connections are only required to be hand tight. 
Check with the tsanuf acrurer. 

c. Hoses 



Hose safety includes the following: 

1) Nev hoses contain talcum powder and tsust be 
blown but before the hose can be safely used. 

2) Use only the hoses that ire designed to be used 
with the welding systetn. Check with the 
supplier or nahufa'Cturer. 

3) Most hoses are color coordinated — oxygen Kof.t.5 
are generally green while acetylene hoses are 
usually redi A groove in the nut on the end of 
the hcse generally indicates that it is a 
left-handed thread. 

Try to avoid excessively long hoses, They tend 
to kink that can lead to a daiv^eroas situation 
because of rcistreatraent . 

5) If a hose is burned, replace the hose. Use 
only approved splices and connectors. Check 
with the supplier. 

6) Visually inspect the hb6c: every time they ;u*e 
used • 

7) Check for leaks by immersing the hoses in water 
under normal working pressures. 

8) f)o not use tape to repair hor.es. 




d. Setting up (Transparency II-l-F) 
Setting up safety includes the following: 

1) Make sure the cylinders are placed ir. a secure* 
clean working area, 

2) Always aake sure that gloved and clothing are 
free from oil or petroleum products; 

3) Always 'purge" the cylinders before connecting 
the regulators. This is done by opening the 
valve on the cylinder and quickly closing it. 
Kake sure that the valve opening is not 
pointing at any one. Purging the cylinder will 
blow out any foreign materia! that nay have 
collected between the valve seat arid the valve 
opening. 

4) Never z rack ah acetylene valve Ground an open 
flame* sparks, or where a welder is working. 

5) Always stand to one side of the regulator when 
opening the cylinder valve. 

6) Always open the cylinder valves very slowly. 
On the oxygen cylinder, crack the valve 
slightly to allow the high pressure gauge 
pointer to slowly move to the raaxinata reading. 
Once the pressure has stabilized, fully open 
the oxygen cylinder valve. Never open the 
acetylene cylinder valve more than 1 1/2 
turns— preferably less than 1 turn. The 
acetylene cylinder valve is a double seating 
valves therefore* it does not heed to be open 
fully, 

7) If a special wrench is required to open the 
acetylene valve^ leave it on the cylinder 
valve. In case of ah emergency* it will 
allow quick closure of the valve. 

S) Never try to find J? leak with a n*r>e--use 
soapy water (one part Ivory soap, which does 
not contain oils, with 4 tn h parts water) or 
an approved leak-detector solution. 

e. Adjusting Pressures 
Pressure Safety includes: 

I) Always use manufacturer ' s crirrts as .1 guide to 
correct pressure for the job. 




2) Never exceed ah acetylene vbrfcirig pressure of 
15 psig (gauge pressure). Acetylene is 
extremely unstable at ; i?ve this pressure 
setting and can explode. 

3) Adjust oxygen pressure by first making sure 
that the acetylene valve on the torch is 
closed. Open the oxygen valve on the 
torch, adjust the regulator until the low 
pressure gauge indicates the proper working 
pressure. Once this is reached, close the 
oxygen valve on the torch. 

S) Adjust the acetylene pressure by paking sure 
that the brygenvalve on the torch is 
closed, and follow the sarue procedure as 
described above. 



f. Operating the Torch 

Operating the torch safely includes the following: 



1) Always purge both the oxygen and acetylene 
gases before attempting to light the torch. 

2) Always use a striker or friction lighter to 
light the torch. Never use matches or other 
tneans to light the torch. (Transparency 

3J Make sure the work >jrea is well ventilated 
before attempting to light the torch. 

A) Never direct the gas stream (before lighting 
the torch) toward any clothing the welder Day 
have on or toward any area that cay entrap and 
hold gases. 



g. Backfires and Flashbacks 

A backfire is a sudden loud noise coming from the 
torch; the flame suddenly goes out and nay be 
re- ignited, Scvwt causes of a backfire are 

follow* : 

1) 4 Touching the tip of the torch against the work, 

2) Clogged or dirty tip on th<» torch, arid 

3) The tip and/or the torch becoming overheated. 
The procedure to follow after n backfire occurs: 
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I) In sdae cases, the trouble will clear itself 
and is correct to resume the trbnaal procedure, 

2} if the trouble has not cleared^ ianedlately 

cicse the acetylene valve on the torch. Close 
the oxygen valve on the torch. If a. cutting 
attachment is being used proceed as follows: 

a) Cat acetylene valve cff on the torch first, 

b) Then cut the oxygen cutting valve on the 
torch o: f , and 

c) Finally, cut the oxygen preheat valve off 
nn the torch. 

Check for obstructions. Check for correct 
pressures. Purg<? the lines and re-light the 
torch. 

A flashback is an actual fire or burning back of 
tht ilane into the tip* torch* or in sbsne cases the 
hoses. Indications of a flashback: 

1) The torch staking a squealing o^ hissing noise. 



2) Saofce coining from the tip of the torch, 



3) A sharp-pointed flame, 

4) Incorrect oxygen and acetylene pressures, 

5) Loose or distorted tips or nixing seats, sr;<i 

6) An overheated tip ^r torch body. 

The procedure to following if a flashback occurs: 

1) imediatriy close the acetylene valve oh the 
torch, and 

2) Close the oxygen valve on the torch. If the 
situation is severe enough that the fire is 
detected lti the hows — immediately cio;,c the 
acetylene cylinder valve and ciesr the shop of 
all personnel. 

In most cases* the situation is not dangerous 
as the otie mentioned above. If no fire is 
evident after both valves havebeeh closed, 
wait a few minute • which should give enough 
time for the flam* inside of th*> torch to burn 
Itself out. 
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A flashback is ah indication that something is 



procedure given below is followed: 

a) Purge the lines individually, 

b} Check to ensure the pressure settings are 
correct » and 

c) Remove the hoses to inspect for any 

internal damage. If the flane caused any 
damage to the hose, cut back to the 
undamaged portion of the hose and retake 
the connections (following approved 
practices) . 



ha Extinguishing the Torch 

Safety in extinguishing the torch: 

1) Always close the acetylene valve on the torch 
first—this will extinguish the flaaes. Hake 
g-are that the flane is completely extinguished. 
Close the oxygen pre^heat valv#> (or the oxygen 
valve on the torch body if torch is set for 
welding instead of cutting) to «5top all ^ow 
of gases cdr 4 ng through the torch. 

2) If the torch is tj be shut down lor a brief 
interval* step 1 will suffice. 

3) Never hang the torch <rr hose onto a regulator 
or a cylinder unless the system has beirh 
drained of all gases. 

4) When the work is completed or discontinued for 
the day, proceed as follow* to secure the 
system: 

a) Close both cylinder valves. 

b) Drain all bxygevr frofc* the system by opening 
the torch oxygen vilv*. 

cj Hake sure that b&ih the high pressure arid 
low pressure ga»jge a go to zero oh the 
oxygen cylinder: then cio&e the torch 
oxygen valve, 

d) Drain ail acetylene fron the system by 
opening the torch acetylene vaivG. 
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Hake sure that both the high pressure and 

low pressure gauges go to zero on the 

acetylene cylinder, then close the torch 
acetyleiie valve. 

Release the regulator pressure adjusting 
screw oh both regulators. 

jvw x x xj> p vac j -»^«~ «~ •:,*«. t. — . *»• 

proper ttatmer. Secure thfe torch iti the 
proper manner » taking sure that a hot torch 
does not cooe into contact with either the 
hoses or the cylinders* 



Suggested Student Activities 

After a demonstration i^i the safety procedures has beeen 

given to the students, assign thess to demonstrate their 

ability to follow all safety rules in setting up the torch* 
lighting i extinguishing, and -ecuring the system. 



e) 
f) 

5/ 




OXY-ACETYLENE SAFETY 




\ 
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OXY-ACETYLENE SAFETY 



•ELDING TORCH 




Parts of the oxy-acetv.ene system 
that require a thorough knowledge 
of safety practices. Cylinders, torch 
and regulators, and hoses. 



TRANSPARENCY II-l-B 

P 



TORCH SAFETY 




Always use a sparklighter when linhtinn 
the torch* 



Torch head 



Barrtl 




Control 
vifvcs 



Torch body 



Parts of a common torch. 
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TORCH SAFETY 
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REGULATOR SAFETY 



CUTTING 





TRANSPARENCY II-l-E 
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FIVE BASIC RULES OP SXY -ACETYLENE 
WELDING AND CUTTING 




2< Awd »*d 



1- Of** MffM ««U«t tUvlf . 



i. Pipfv tart** ■ •<*r •_ 



S* 4U«*. «*4 

mm. 



BEST AMIABLE 
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SSTKlVPONAl. AWv.A: Agr icuitarai Mechanics 



firrriONAI. I'NIT II: Oxy-acetylene Welding 



Ser-iip and Techniques b\ 

'(;\ ) »V1 ding, 

(h> Catting, and 

(c) Brazing. 



I . Preparation for instruction 

A. Student Objectives 

I . Terminal : Demonstrate the safe « ,d proper technique? 

for settingup and operating the oxy-acetylene torch for 
welding, cutting* and brazing. 

Specific : 

Define each of the following terns: 

1) Oxy-acetylene welding* 

2) Ory-acety!ene cutting, and 

3) Brazing. 

b. List the equipment nec> : >;iiry far oxy-acetylene 
welding. 

c. Demonstrate the proper procedure for each of the 
following: 

1) Cylihder(s) set-up* 

2) Regulator (s) set-up, 

3) Sett \ng up and lighting the torch, and 
5) Torch ope^atioT* for 

a) Welding, 

b) Cutting, ax^ 
cj Brazing. 
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d. Name and Ascribe the three types of flames 
associAts*' vitfi bxy-ac-etyl^ne welding. 

e. Differentiate between forehand and backhand 
welding. 

f. List the different classifications of metals that 
can be cat with the oxy-acetylene torch. 

g. Explain the proper procedure for piercing holes in 
metal with the oxy-acetylene torch. 

h. State the most important factor in brazing 
(advantage) . 

i. Explain the requirements for brazing, 
j. Define the term flux. 

k. Name the three common commercial forms of flux. 

1. State several requirements for filler metal used 
in brazing. 



B. Review of Teaching Materials 

1. McCoy, V. L. and T. J. Wakeman. The^ Farm Shop . New 

York: MacMillan Publishing Company, 1960. 

2. Phipps, L. S. Mechanics in Agriculture . Danville, 

111.: Interstate Publishing, 1977. 

C. Special Arrangements 

Have bh hand ah assortment of oxy-acetylene equipment, 
tools, arid supplies. 

D. Materials Required 

1. Overhead projector and screen 

2. Materials listed above 
II. Presentation of Lesson 

A. Motivation 

1. A welder should have knowledge of the gases used for 
welding arid cutting. The welder should also be 
acquainted with safety prccesures and the proper 
techniques in gas welding and cutting. 

In all flame cutting, welding, and heating, crygen and 
a fuel gas (acetylene, most cotsnemiy used) s?« combined 
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and burned to provide heat to do a certain type of job. 
the welder mast be able to use these combined heating 
gases effectively to turn. but high-spee<lt econoraicaliy 
finished jobs of high quality, J 

Oxy-acetylene cutting is fast and efficient, compared 
with alternatives like a hacksaw, cold chisel, and 
hammer, etc. 

Recent research on oxy-acetylene welding ihdicates_that 
this process may be phased-out by the year 2000. The 
use of oxy-acetylene cutting procedures will be 
dominant for many more decades however. 
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B. Content Outline 

Gas welding is a process by which two pieces of metal are 
joined together by welting or fusing their adjoining 
surfaces ore dges. Gas welding is siower than electric arc 
welding, but it has the advantage of being easier to 
control* 

The two most common gases used in gas welding are oxygen 
arid acetylene. A ratio of 2^ parts oxygen to j part 
acetylene produces a very hot flame of approximately 
5800'F. 

The following equipment is necessary for bxy-acetylene 
welding: 

1. A cylinder of oxygen and « cylinder of acetylene, 

2. Pressure regulators* 

3. Welding torch* 



4. Hoses, 

5. Welrr^r's protective clothing* 

6. Welder's goggles, and 

7. Miscellaneous equipment. 

Below is a brief description of the items listed above: 

1. Sit*, of cylinders is determined by the cubic feet of 
gas the cylinder will hold. Acetylene cylinders are 
commonly found to hold 300, 100, and 60 cu. ft., 
whereas oxygen cylinders normally come in sizes of 
122 i and 80 cu. ft. 

Both oxygen and acetylene are stored in specially built 
cylinders made from seamless drawn steel arid tested 
rigorously. 

The acetylene cylinder is packed with a porous material 
saturated with acetone. This is done becnusa the free 
acetylene cannot be stored in cylinders over 30 psi. 
Over 30 psi acetylene is a very unstable gas an«i can 
readily explode. Acetylene should never *e use.: bevbhd 
15 psi. 

2. Both oxygen and acetylene regulators have two gauges — 

a high pressure gauge that indicates the pressure 

inside of the cylinder and a low pressure gauge that 




40 



?6 



Indicates the pressure on the hose. Th * amount of 
pressure <5n the Hose is determined by the adjusting 
screw found on the regulator. 



3. The welding torch includes the body of the torch, 
(mixing chamber where the two gases are brought, 
together and mixed) two needle control valves to 
control the f low of oxygen and acetylene * two hose 
connections , and a welding tip. 

4. Special nonporous hoses are used to convey oxygen and 
acetylene from the cylinders to the torch, the hoses 
are color coordinated (red indicating acetylene and 
green or black for oxygen). The oxygferi hose connectors 
have right-handed threads t while the acetylene hose 
connectors are lef v -handed. 

5. The welder at all times must wear protective cutting 
goggles when oxy-acetylehe welding. Fire-resistant 
gloves should also be worn during this procedure. 

6. A fire extinguisher should be in the working area at 
all times. Other equipment needed: 

a) Wire brushes, 

b) Friction lighter, 

c) Soap stone or a means of marking the metal, and 

d) Square (try, combination, or framing). 

When setting up the cylinders for bxy-aceytlene welding, 
follow these tft£;»£- ; 

1. Place both the oxygen and acetylene cylinders together 
and secure them to keep f rem falling. They may b* 
chained along the wall or chained in a portable welding 
cart. (Transparency II-2-A) 

2. Remove the cylinder valve caps. Place in a location so 
that they will be accessible. 

3. Visually examine the cylinder valve. If it appears the 
threads are in £ood shape and there are no 

obstruct i&iv*. crack the valve slightly to blow out any 
dirt or dust and quickly close. 

When setting up the regulators proceed as follows: 
(Transparency II-2-B) 

i. Be sure that the regulator inlet connections are free 
from any rbstruction, dirt* dust* and/or grease. 
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2. Attach the oxygen regulator to the oxygen cyMrider by 
using an ooen-end wrench or an bxy-acetylerie wrench 
(check Witt; the supplier). The regulator should be 
tightened snugly, but hot with excessive Force. 

1. Hake sure the adjusting screw is "backed-out." This 
will relieve all tension on the regulator. The 
adjusting screw is turned counterclockwise to rel «ve 
tension; * 

4. Connect the hoses to the regulator outlet thsat is 
provided. The green or black hose is connected to the 
oxygen regulator (right-handed threads) and the red 
hose ts connected to the acetylene regulator 
(left-handed threads). 

5. Open the o:.ygen cylinder valve very slowly. Watch the 
high pressure gauge, and when it reaches the maximum 
reading open the cylinder valve all the way. Never 
stand or allow anyone to stand in Trent or back of the 
regulator during this procedure. 

6. Adjust the adjusting screw to the desired pressure 
reading. wMch is shown on the low pressure gauge. 

7. The acetylene cylinder is attached lot lowing the steps 
described above with the foHowinp exception: 

The acetylene cylinder valve is opened slevly to allow 
the pressure to siuwiy build on the high pressure 
gauge until this pressure has reached its maximum. 



The procedure for setting up the torch is described Helbw: 

1. Connect the green hose to the valve bh the tbrclt body 
marked "oxy" and the red hose to the valve bh the torch 
body marked "fuel." The bxy i>h connect ion will be a 
rignt-hahdedcbhhectibn whi the acetylene connection 
will be a left-handed connection. Tighten the 
connection snugly with ah open-end wrench or an 
bxy-acetyler>c wrench. 

2. Select the welding tip that will be used and place it 
in the connection provided on the torch body. Tighten 
the welding tip only hand tight unless the manufacturer 
specifies aifferently. 

3. Open the oxygen valve on .he torch body and adjust the 
adjusting screw on the regulator until the desired 
pressure is reached. Close the i Kygeh valve bh the 
torch body. 




4. Open the acetylene valve bh the tor^Ji bbdy and adjust 
the adjusting screw bri the regulator until the desired 
pressure is reached. Close the ic<itylene valvi bri til ^ 
torch body. 

For torch operation^ follow the listed guidelines? 

1. Hold the friction lighter in one ha^d and the torch in 
the other. Make sure ail safety equipment, including 
protective clothing, is being used. 

2. "Crack" (open approximately H turn) the acetylene 
valve bh the torch body and Immediately Strike the 
friction lighter to establish a flame f rem tVi ; torch. 
Make sure the flame is pointed aviy from any 
combustible materials or people. 

3. Once the flame is established! open the acetylene valve 
on the torch to get rid bi the black carbon smoke. 
Open until the fisme actually leaves the tip approxi- 
mately 1/8 of an inch, then close the valve on the 
torch slightly until the flame returns to the tip. 

4. f; lowly open th* oxygen valve on the torch body until a 
neutral flame ic reached (Transparency IX-2-C) . There 
are three types of flame associated With oxy-acetylene 
welding. They are described t *lbw: 

a. Neutral flame: consists of equal parts of oxygen 
arid acetylene. It_is tiie most commonly used flame 
for gas welding. The inner portion has a blunt end 
and a temperature nf approximately 56f"t*F. The 
larger portion of the flame is generally blue in 
color. The neutral flame consumes all . the. oxygen 
in the air around the area ro be welded f which 
prevents oxygen from being mixed with tlue hot 
molten metal which weakens the weld. 

b. Oxidizing flame: a flame that is obtained whenever 
there is more oxygen than acetylene. This type of 
flame ia rarely used in fusion welding, although it 
is used iii braze welding. The inner cone is 
pointed rather than being blunt as a neutral 
flame. The oxidizing flame is the hottest of the 
three typei of flcme and reaches temperatures of 
abottt 600G # F. 

c. Carburizing flame: a flare that is obtained when- 
ever there is more acetylene than oxygen. The 
carburizing (some times referred to as a "reducing 
flame*) flame has a blunt inner cone. Flame color 
is yelle*wish to orange. 
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For procedure on hoy to veld* follow the steps helbvt 
(Transparencies aI-2-D anil E) 

1. The voiding torch can be operated in two ways: 

a. Forehand welding: the torch is pointed forward in 

the direction of travel in which the weld and 
filler rod (if used) precedes the flame. 

The forehand welding method is best for metals that 
are 1/8 of an inch and less in thickness. This 
allows for a better ^eld puddle and smoother welds. 

h. tCckhand welding: the tip is pointed backwards 
from the direction of the weld, which has been 
deposited (and the filler rod if used) between the 
flame and the weld. This technique is usually 
reconanended for metals that are 1 Javier than 1/8 of 
an inch because sound welds can be made with 
greater speed* 

2. The torch is always held at a 45* angle to the 
completed weld. Tn the forehand method, usually the 
circular or semi-circular (also known as the 
"horse shoe") weaving pattern is used; 

3. The inner coti of the oxy-acetylene welding flame 
should be held between 1/8 to l/i6 of an inch from the 
base metal. 

4. When the flame actual! ??elts the meffc^Xor starts to 
burn through a thin piece of metal) ^puddle is formed; 
f is is hot molten metal i^i liquid jform. It takrr 
practice cb keep the puddle r^aj&ed^nd going in the 
direction o the weld. Keep the puddle small. 

5. Soi**? cxy-acetyiene welding techniques require the use 
of a filler rod. filler rod is of the same 
composition as the base metal and is used for weld! 
nbst types of joints. The diawter of the rod shouUd 
be equal to the thickness of the base metal. The rod 
is held at the same angle as the torch but s! anted away 
f rom ahe torch. 

As |he puddle il carried forward, the rod is dipped in 
and out of the puddle. The rod should never be taken 
far from the flame of the oxy-ac^tylene welding torch, 
it should be kept inside of the outer envelope on the 
flame. Sin's for using a filler rod: 

a Hold the rod in the puddle* avay frbta the edges, 
and 
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b. Concentrate the flame in the puddle and around the 
rod to preheat the plates ahead of the veld. 



A good weld will have a slightly convex shape, being 
even and unifo?a t arid just penetrates the complete 
joint as shown in Transparency II-2-F. 

6. When the welding is finished or to be stopped, always 
turn the acetylene valve on the torch off first. Next 
close the oxygen valve on the torch, this should stop 
all flow of gas from the tip. 

When welding is to be discontinued for a considerable 
period of time (such as lurich or overnight), the 
cylinder valves should be closed arid the gas released 
from the system as described under "Extinguishing the 
Torch" in the Lesson Entitled "Oxy-acetylerie Safety." 

Oxygen Gutting: metal is heated by a gas flame in which 
oxygen jets are used to do the cutting. The most cpimnbhly_ 
used fuel gas is acetylene, Which is used to heat the metal 
to its melting point, and the oxygen is used to blow or 
burn through. The oxygen cutting torch is the apparatus 
used to accomplish this cutting procedure. The following 
metal can be cut using the oxygen catting torch: 

1. Plain carbon steels, 

2* Low-alloy steels, 

3. Manganese steels* arid 

4. tow-ccntent chromium Steele 

Nonf ;rrous metals and stainless uc^els cannot be cut the 
oxypen cutting torch* 

The procedure to follow in using the oxygen cutting torch 
is described below: 

1. Before starting to cut, observe all safety rules as 
described, in the lesson entitled "Safety" for 
bxy-acetylerie welding. 

2. Attach the cutting attachment to the body of the torch 
and tighten the fitting! hand tight. 

A different type of torch (blowpipe and tip) is used for 
cutting metil than for welding. The cutting tip has 3 to 8 
holes located around the center hole. These small orifices 
furnish flames to preheat the metal* arid the center orifice 
fuffntsihes oxygen to cut the naetal. (Transparency II-2-G) 



An oxjf-acetyienp catting torch has three controls; they 
are preheat oxygen valve, preheat acetylene valv.?, and a . 
cutting oxygen valve that is controlled by a leirer; ,The 
t»o preheat valves actually furnish heat on the surface to 
a kindling temperature of the steel being cut, and the 
cutting oxygen controlled by the lever ignites the molten 
metal and bl<?vs it from the heated area. 

Lighting arid adjusting the blcvplpe are very important 
steps when cutting metal. If the manufacturer's 
instructions are hot available, proceed as follows: 

1. " Fold the blowpipe with the tip pointing away from the 

body* Open the acetylene valve about 1/2 turn and 
light the torch with the fricticn lighter. The flame 
should clear the tip end about 1/8 inch when first lit, 
but it should be adjusted back to the tip. 

2. Adjust the regulator pressure by turning the adjusting 
screws clockwise. Oxygen pressure depends on the 
thickness of the metal being cut, usually approximately 
25 pii will suffice although a 1" thick piece of metal 
requires about 30 psi. Acetylene pressure will vary 
from 3 to 10 psi (usually around 7 psi will suffice), 
but under f.o circumstances should it exceed 10 psi. 

3. Adjust the preheat oxygen valve until a neutral flame 
appears with sharp inner cone, then press the cutting 
oxygen lever arid readjust the flame by turning the 
preheat oxygen valve while the cutting lever is in the 
downward position* This readjustment is to correct the 
flame from carburizing to neutral when the lever is not 
depressed. 

The metal to be cut should be clean, marked with a punch or 
soapstdne, and placed its a suitable position for cutting. 
The position can also involve the location of cutting. Be 
sure to remember that hot metal will dat&age the welding 
unit hoses and may even cause a fire. 

The cutting tip is held at 45° angle to start the cut and 
is raised to about 75° to make the cut. The steps to 
follow in making a cut are as follows: (Transparency 
II-2-K) 

1. Hold the blowpipe perpendicular to the surface of the 
metal unless bevels are to be cut. Place flame inner 
cone within 1/16 to 1/8 inch above the plate or metal 
surf :e. Metal will not stack on the tip if it is held , 
at a proper distance from the surface. Hold the -tip so - 
that two preheating holes are in line with the oxygen 
hole* 
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Hold the torch at the aage of the metal until the metal 
begins to melt. >e top of the torch Bay be slanted 
reward the cut and --.hanged to a vertical position as 
che cat progresses. 



Press down slowly on the oxygen cutting lever until the 
cutting valve is completely open. When the cut is 
through the metal, x>ve the ic rch along the line; 

Tilt t'.e torch tip slightly toward the direction of cut 
on thin netal. It should be held vertical on thick 
metal when making a straight cut. 

Move the torch slowly along the surface or the oxygen 
stream will not pass completely through the taetal. The 
cat can be restarted by releasing the cutting lever and 
reneatfng th«? metal again before pressing the cutting 
lever, irregular edges may be ciseJ by losing the 
cut. ; 

Vhen beveling plate edges or cutting an angle, lean the 
rip at the desire-! angle and hold the torch parallel to 
the work. 

Steps to follow when piercing holes in &etal are as 
follows: (Transparency 11-2-1) 

! Hold the blowpipe in the sane position (tip perpen- 
dicular to the surface) until a spot on the surface 
begins to melt. 

->- Raise the blowpipe (torch) until the end of the no'.r.le 
is aboat ZiS- to 1/2 iru h above tic surface and slowly 
press the cutting lever is the torch <s raised. 

V Move the tip to one side iif the heated area so that .tiiif 
slag (noniaetallic material in the heated ««t«l> -an » 
blown oat. 

4. Hove th"; inner cone within about 1/8 inch l rom the 
surf ice ar.d maVe the cut oh the insicie edge of ue 
hole. 

5. To facilitate the cutting of a hole in thick metal, 
drill a hole 1/4 inch or larger by using .1 t.«ist drill 
an£ start the piercing in this hole. 

Steps to observe when lighting the blowpipe: 

Hold the torch ic. one hand and the friction ll^Re- iii 
the other. The welding giggles should bw pulled iron 
the forehead over thi eyes. , 

S3 
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2. Open the torch acetylene valve about 1/8 to 1/4 tutti 
with_tfr^ tip pointing away from the body and cylinder. 
The should be held abcut ah inch from the point 
of the tfhile lighting the torch, 

3. Open the acetylene valve until the flame stops 
sacking excessively and breaks away from the tip about 
1/8 inch. The flame is then reduced slightly to bring 
it back to the tip The valve is opened again very 
slightly. If there is a backfire* the flame will go 
out with a popi Cuieck the pr^ft^e; corrections and 
heated tip to corrert this pTts^i^a; 

4. Open the oxyfcf " valve <;iowly until a sharp inner cone 
appears, creating a neurral flaiu;. 

The correct procedure for turning off the oxy-acetylene 
putting torch is listed beloJl 

1. First the acetylene valve is closed pn the torch and 
then the c^geh .valve? is closed. This assures the 
operate! that tK^ flanwi is out* r h»iS reducing the 
possibility of a lash-back that can be caused by a 
carbarn deposit in the tip. 

2. The oxygen torch vul^e id the second valw to be 
closed. This procec/are i« followed by closing the 
acetyteme and oxygecn cylinder valves; 

3. The acetyl^ ie and oxygen ^orcli valves are opened to 
release how pressure and then they are '■ nsed again, 

r > sure thi; rhe pressure regulator gauges go to zero, 
indicating nj pressure on the hoses. 

4. The acetylene *ti<f oxygen regulator adjust in* screws ar^ 
backed but: u^cil they are Loose. 

Brazing is a method that is used to join metals using 
fjller metal t k >"t_is melted between two closely fitting 
metal surfaces* The major difference between blazing ati^ 
soldering is that in brazing the filler metal is melted sit 
a hig^<*r temperature and fusee capilliry action* giving 
a stronger joint. For brazing tzakt metals, a temperature 
of above 860* F is most often used* using a rtoiuerro* s 
filter wetai that ha* a o»e-tx:g poinc below that of the 
base metal. 

An important factor 4 *> Sraztnp is that there is less danger 
of destroying the mechanical properties of the base metal 
since lower temperatures are used tr thifl typ* of fusion 
process. 

Requirements for brizing — The requirements for Hr*?.lng are 
1 Lsted below: 
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The joints Bust have relatively scui clearances and 
surfaces that are free of cxide and other contaninants. 

Cleaning is done. by a special flu* thu-L when heated is 
capable of dissolving all fcrei?.^ aiaict«r, A flux can 
be defined as an aid used to pr'^ent >he fbns-ci.- 05 
cxxdes (rust, tarnish, etc.) during the brazing 
process. The coaaon commercial flukes are - . 

a. Paste, 

r.. Liquid, or 

c. Powder fern. 

flaxes, have i.s their nr.in ingredient 5 : 



a. 


Borates, 


fa . 


Fused bbrax. 


c. 


Boric acid, 


d. 


Fluorides, 


r . 


Chlorides, ami 


< 

1 . 


FliiboraleS. 



Filler raeta? ?uid ce*t rtees* rf-^iiir^wabts: 

a. Enough fluidity so i-HaL ^t^ 1 wilt Mow 
eve ly by capillar; action, 

h; Good nolting to fcim a Sound tnctnl l>oruJ , 

Melting po nt consistent with the type of dccO to 
he jv«jntdi 

d. Brazing Itiier meals fall iutb seven group?.: 



1) 


Sliver, 


2) 


A lum i tsufii - silicon. 


3) 


Ctin.pcr-phosphoTur , 


4) 


06) <\ , 


5} 


Copper and eopper-zin': , 


6) 


Magneeium, and 


7) 


Nickel. 
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Torch heating is probably the cost cbrabnly used aethbd of 
brazing. Other forms of applying heat <ire furnace heating 
and induction heacitg* 

Oxygen and acetylene a-j more versatile for torch brazing 
because of their wide range of \\er : t : ontrois. A slightly 
reducing fiaae is required and care rnust be taken to 
prevent the inner cone of the fiamj frsni coming in contact 
with the base ^etai. eiose contac :. to the base rneta! cay 
cause the base metal to melt, an& that would be detrimental 
to the process. Remember that h rasing is not a fusion 
process . 

The recotusended procedure to V in brazing is given 

below: 

1. Before getting started: 

a. Make sure base Taetal is clean* 

b. Closely align the parts, and 

c. Heat the tip bi the bra.ss filler rod and dip into 
the flux The flux will -ihere to the rod. 

2. Use a neutral or slightly oxidizing fl*~e* Preheat the 
base oetal to approximately l5Q0°F (a cull cherry reJ). 

CAUTION: i>o not overheat cr the veid may become 
porous i a:iG the process will be difficult to perform. 

3. ToucEii tho fluxed fflisr roc to the base metal and allow 
it lo ^cact vith tbe t>ss5 metal; This vtll aid i*. 
rleanijlj of ttte joint. 

A. Kelt a small n^ovnt <nf the fluxed rod until It t lows 
freely to t^o tin jr-lfit . When thin h^ppenf ; Lhe 
correct tem^^f. lure o£ the b^se rn^tal has been reached. 
If the filler metal fortta beads on the bar>« metal, tin. s 
is ah Indira t ion that the base metal iii hot hot enoiij: 
However. If tr.e filler metal spreads or runs over u 
ii'r^r area of the joint , this w^uld be An indication 
riiiat ihe base m tzi Is tod hot. To in keeping iWe- 
base metai; at rfr« correct temperature once it i 
'thieved , keep the flame's inr.^t oone approxiervi i ' ^ 
1 y 16 of sn inch nbove tfi-e je'r.::. 

S; Continue to dtp the fillet rod ir.co t!.. flux be J r-< it. 
la malted c ?r Che join' , The tr^hniqu*. employed ii 
this process is t-«« e&atne as the process that 1* H hi 
bxy-acetylene gas »eJJ^g with c filler red. 

( ; . Alter co.'Ap *eting the joint, check It for: 
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a. Color—if it Is ,-opper-cblbred vith'. -;h.te stnoke 
and h*s a snail valley dbvh the * arize £ of the veld, 
the case *ietal was tod hot. 

; . tf t«e edge of the. bead <Hrears to lap over the 

tase aerrl* then the base n^i^i temperature was too 
cold. 

Cuftgested Student Activities 

H^vc students practice welding; cutting, and brazing. 
'D.ete ate all tyjits of shop e . iirctses thr.i can Se nsed to 
acquire these skills. Check the ref vr ♦ :; ce seccion. 
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SAFETY FIRST 




Impc.?tant safety features are SHeWfi_*B3VE 

w;i,LC OPERATING WITH OxYGSN AND ACRTYLF.NE 
GASES. 



TRMSPArOlCY II -2- A 

eric ga 



PARTS CF AN OXY-ACETYLENE TORCH 



THREADED TU3E 



OXTCEM 
PASSAGE 




CHAMBER 



ACETTLENt 
PASSAGE 




THREE ffr'E;: GXY-AGETYLENE ftLSHft FLAflES 




LP •** buying w Jtmoethefe 
<&P«n fMtl ftti ^ until flarr* btg** to U*v, tip irtd.j 



_ Carburi/mg fUm« 

<E*c*« tP*« wygen. 16, hMtmg *nd toft i*omng or *Wer ) 




iL ** % S * W for Oriii *dL« mat*r«f j 



t» ait nvtli: >9 J w ■ MW * \W7 m C) a for fufiOil ^tiding *nd h«ivy 



TRANSPARENCY M-2-C 
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WELDING PROCEDURES 




SLOW SPEED - POOR WELD 




FAST SPEED - POOR WELD 



CORRECT SPEED - GOOD WELD 



i, ?6* advance 




CIRCULAR MOTION ZIGZAG MOTION 
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HOW TO HOLD THE BLOWPIPE 




HELD LIKE HAMMER HELD LIKE PENCIL 



Position and Hot ion of the Torch 
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TRANSPARENCY II-2-E „ 



PGSITH0 1 ; OIF THE FILLER RGB 




t'TOD AND POOP WELDS 



E 




CtWJUXf CONTOUR 



j C 



lack or rrvirv^-*^ 

ifl© MttAL WdttOWNC 



TRANSPARENCY U-2-F 
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OXYACETYLENE GUTTING 



preheat holes 




ottittg tl 



oxygen hole 




6-hole tip 

LINE CF CUT 





inner cone 



cutting 
oxygen 




4-hole tip 



NEUTRAL FLAME 
WITH 
CUTTING JET OPEN 



TRANSPARENCY I!-?-G 



erJc 



CUTTING METAL 




TRANSPARENCY II-2-H 
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INSTRUCTIONAL ARKA: Agricultural Mechanics 

INSTRUCTIONAL UNIT III: Soldering 

LESSON i: Soldering Use and Procedures 

I ; Preparation for Instruction 
Objectives 

1. Terminal: Demonstrate procedures necessary for 
soldering metals. 

2. Specific: 

a. Explain the purpose of soldering, 

b. Describe and select the tools and equipment used In 
soldering. 

c. List the factors important for good soldering. 

c . Describe the procedure to: applying solder. 

c. Demonstrate soldering procedure for joints and Beams 
on metal * 

t. Demonstrate procedure for soldering fioU-sii 

g. List the various metals that nay be soldered, 
H. Review of Teaching Material 

1. Phlpps, L. J. Meitha &lc^Jn Agriculture . Danville* 

111.: Interstate Printers and Publishers* Int., 
1977. 

2. Wakeman, T. J. and V. L. McCoy. The Farm Sh op. NVv 

York: Macmillan Company, 19b0. 

C , Spec i a 1 t\ ^rahgemen t s 

1. Secure h" and 4 M steel rods. 

2. Secure H" plate steel. 
II. Presentation of Lesson 
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^iifeess Sied tor being able to ike bolts and threat 
tiifcrehCl holes in octal . 
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B. Content Outline 

1, Vnrpa&v of Soldering 

a. Sot : ^.¥inf 5 process of jotnlng cvo pieces of 
xzei^ ■.S&aas of another rsetal or a 1 ley having a 
IcVf^'^lsA^S point than the two cetaxs to be 

V 

b, A 50-50 fixture of tin aad lead is the citst coraonly 
used solder mixture for "iiidp work. It rrelts at 400 
degrees F. 

2, Tools and Equipment 

a. Flux — Flak is an aid used to destfoV the oxide in 
the metal to be soldered and clean the surface to 
allow the solder to stick to the isetai* If flux is 
not used, the thin coat of oxide forming after 
cleaning the ©etal will prevent the solder from 
adhering* ZUic Chloride is the best flux £or most 
jobs on the fata. It will vorls on raost metals, 

b. Propane Torch — A propane torch is a convenient and 
easily obtainable source of heat for Sbtdcring. It 
produces no carbon, soot, or smoke, and will 
function in the wind. (Transparency III-l-B) 

sr; Nonelectric Soldering Iron.. This type of 

soldering iron is made of copper. It Is usea lor 
melting and applying solder. A soldering copper 
must be "tinned.** This is done to k^ep the copper 
clean, cause the copper to pick up and spread the 
solder evenly, and to prevent acid fS from 
corrcding the copper. It be heateH bv a 

blow-torch or some other exterior source of bent, 
(Transparency III-l-A) 

Tinning is done as follows: (Transparency Ili-l-D 

j) Heat soldering iron to «i red heat and rile Mch 
face until it is smooth and bright . 

2) Rub the hot faces of the copper on a sal 
aimnoniac brick. 



3) Apply a small amount of solder to the copper as 
it is rubbed on the sal ammonia. 

Continue applying solder and rubbing until tin 
entire point is covered with "tin;" 

5) Remove excess solder from the copper 4>y wiping 
it quickly with a damp ra£. 
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3* Electric Soldering Gun— The soideriiiggur, produces 
intense heait at the point of application, _It_is^ 
excellent for use on saalL parts and when there is a 
rlame hazard. It operates on 1 15 wits 2nd ranges 
in operating tecperature f' i 500-600 degrees r; 
(Transparency I I I-l-AJ 

3. Factors for Good Soldering: 

a. Clean* hot source of heati 

b. Hot; well-tinned soldering iron* 

c. Clean metals to be soldered, 

d. Good quality flux, and 

e. Hetal heated enough to prevent solder iron "setting" 
too quickly* 

4. Applying Solder 

3. Clean all parts to be soldered. This M_y.be done by 
scraping, filing, grinding, or sandpapering. New 
D etai can be cleaned using ecabry cloth or sandpaper; 

fc. Apply flux after the metal Is cleaned and i'ist 
before soldering to help the solder stifle. 

c. Heat the soldering iron. 

d. Place iron against the solder to cause a little 
solder to stick on it. 

e. Apply the point to the parts to be soldered. 

f. Allow time for the metal to heat as the solder is 
applied. The solder nay even be held against the 
iron and ran down to the metal being soldered. 

5. Soldering joints — seams (Transparency MY-t-C) 

a. Clean joint thoroughly. 

b. Hold the iron against the metal arid move back and 
forth along the seam to preheat a 4-n inch section. 

c. Apply flux tbLhe lapped surfaces of the seam. 
Apply a thin layer of solder to both surfaces. 

d. Place both surfaces together. Apply heated copper 
to the seam, holding the copper at the same point 
until the solder under the seam has melted. Steps 
b» C/, and d arc called tinning and sweating the 
joint. 
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e. Melt a ssall amount of solder at the point ot tne 

copper i then tilt the copper over, until a corner of 
it is In the seas?. 

f; Move ifte copper slbvly down. the seax. while applying 
nore solder as needed \ v o solder the entire seac with 
one pass. 

b« Soldering Holes 

a. Clean surface around hcie until bright. 

b. Clean inside hole i/lth a file; 

c. Heat ffiet&l. 

d. Apply flux to metal and add setter to the point of 

i the copper. Tin a siiall ^rea around the hole using 

a, small amount ol solder. 

e. Add a small aosoont of solder to the point of the 
copper and plaice the point in the hole. 

f. Rotate the copper back and forth several t lines then 
lift the copper away. 

7. Metals That Can Be Soldered 
a. Tin 

h . Galvanized iron 

c. Copper 

d. Cast iron 

e. Enatnetware 



i . Zinc 



g. Lead pipe 
Suggested Student Activities 

1. Each student will obtain a one gallon bucket with holes 
punched in the bottom to be soldered. When the process 
is complete* the bucket should hot have any leaks 
present. 

2. Obtain electrical wire for students to use in soldering 
wire together. Allow the students to make the proper 
splice and complete a solid connection by soldering thr 
splice. 
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SOLDERING EQUIPMENT 





inning A Soldering Iron 



•LGC« " 



TRANSPARENCY HI-l-B 



SOLDERING JOINTS 




TRANSPARENCY MI-l-C 
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INSTRUCTIONAL AREA: Agricultural Mechanics 
INSTRUCTIONAL UK IT Viz Electricity 

LESSEN 1: Safety 

U Preparation for Instruction 
A, Objective 

1. Terminal: Demonstrate safety procedures for electrical 
wiring, 

2. Specific: 

a. Identify proper clothing tc wear for electrical 
work . 

b. Explain the importance of grounding a circuit, 

c. Describe procedures for proper use of tools and 
equipment. 

d. List wiring precautions. 

jj- Review of Teaching Material 

i- Colvin, T. S. B5£HM£^^ 

*„n dings, a n^ervice Areas . Athens, Georgia. 
ASSH^AMWUtion lor Vocational Instructional 
Material**. 1981. 

r Phipps, U J- Mec^an^^ 

III.: Interstate Printer* and Publishers, 1^7. 

C. Materials Required 

1 . Poster board 

2. Magazifiefl 

3. Colored markers and pencils 
II. Presentation of Wesson 

A* Motivation 
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Discuss hazards resulting fron poor safety practices when 
working with electricity 2nd electrical itens. 
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b: Content Outline 
ii Clothing 



A hard hat and steel-coed shoes aid in protection 
against falling objects. 

Robber beeis and soles with no hails help insulate 
against electrical shock. 

It is important that loose clothing should not be 
worn when doing electrical work. In addition, 
rings or netal watchbands should not be -worn 
because they tend to catch or hang on projections. 

Safety glasses should be worn to prevent eye damage 
from flying particles or pieces of wife. 



2. Grounding 

a. The purpose cf grounding any circuit is safety. If 
an installation is not grounded properly, it 13 
extremely dangerous with respect to shocks, fires, 
damage to appliances, and motors. Good grounding 
also minimizes damage from lightning, especially cn 
the farm. 

b There are two categories of grounding. One is 
system grounding in which the current-carrying 
wires of the installation are grounded. The other 
category is equipment grounding which involves the 
grounding of the frames of motors, equipment 
cabinets, and metal conduct. 

c Refer to the Agricultural Mechanics instruct ionai 
area, Unit IV. Lesson 2, in the Basic Vocational 
Agriculture I and II materials. 

3. Use of tools and Equipment 

a. Use tools that are double insulated, if possible, 
as they will provide protection against electrical 
shock. In addition, protection can be provided by 
using hand tools such as screwdrivers and pliers 
that have insulated handles. 

b. Keep tools in good working condition, fitting 
tools should be kept sharp. Always check cords and 
plugs on ail power tools. Proper 1 y remove plugs by 
grasping the plug and pulHrtg directly «.1 the ptaR; 
Never jerk on cords to remove them from electrical 
outlets. If extension cords cross a traffic area, 
shield them with planks or other protection 
measures. 
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c. Keep work area clear of obstacles to prevent 
injuries caused by tripping and 'falling. 

dw When working with electricity, use <5nly wooden or 
fiberglass ladders. It is preferable to use 
ladders with rubber or norslxp feet.; Do hot leave 
tools lying oil the steps. Make sure ail braces are 
locked in place arid do not use the top two steps 
for standing. 

e. Protect oneself when working in damp areas by ■•_ 

standing on a rubber mat, Wooden platform, or other 
nonconducting material., Never stand on ttet ground 
or a damp floor when working with power/tools or 
doing electrical work. . 

f» always be sure that work is not being done on a 

"hot" electrical circuit. Disconnect power to the 
branch circuit before working on wiring or 
equipment. Do this by turning the main service- 
entrance switch off. Another method is to remove 
the branch-circuit fuse or cut the circuit breaker 
to the ,r off" position. Test the circuit to make 
sure it is' not live by plugging in a lamp or 
circuit tester. 

.4. Wiring Precautions 

a. Do not allow bare wires to touch. 

b. Use electricians 1 tape to insulate wires from each 
other. 

c. Do not touch switches with wet hands or while 
standing in water. 

d. Do not overload the line. Make sure proper 
amperage is considered when installing fuses and. 
circuit breakers. 

e. Do not install fuses that are larger than 
recommended for the circuit. This may cause damage 
to equipment and/or fire. 

f. Do not touch bare wires with hands or other tool s 
while the line is "hot." ^ 

g. Do not touch two wires together to see if they are 
"hot." 

h. Always open the circuit before touching any 'painty 
on tne circuit. ^ 
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C. Suggested Student Activities 

1. Students will divide into groups of two; Each group 
will develop a pester-board display illustrating the 
safety rules outlined in the lesson. 

2. The instructor will create and set up mock hazardous 
situations and allow students to demonstrate proper 
safety procedures, 

3. Students will divide into groups of two and demonstrate 
to the class an assigned safety procedure for working 
with electrical wiring. 
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INSTRUCTIONAL AREA: Agricultural Mechanics 

INSTRUCTIONAL UNIT IV: Electricity - 
LESSON 2 : Service Entrance 

I. Preparation for Instruction 

A. Objectives 

1. Terminal: Identify and install the components of an 
» electrical service entrance. 

2. Specific: 

a. Identify components of the service entrance. 

b. Identify the i >'ci types of service entrance panels. 

c. Determine the size of the service entrance panel. 

d. Install the service entrance panel cabinet. 

e. Mount the service drop. 

f. Install service entrance cable. 

g. Connect the service entrance wiring. 

h. Connect the circuits in a service entrnnce panel. 

B. Review of Teaching Material 

1. Colvin, T. S. Ele c t r ica 1 Wi ring : Resident i a 1 . 

Utility # Building, and Service Areas . Athens, 
Georgia: Association for Vocational Instructional 
Materials, 1981. 

2. Phipps, t. J. Mechanics in Agriculture ^ Danville, 

111.: Interstate Printers and Publishers* 1977. 

C. Special Arrangeinents 

1. Secure lumber and nails for wail construction to be 
used iri a student exercise. 

2. Obtain service entrance panels, wiring, and circuit 
breakers. 
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Presentation of Lesson 
A. Motivation 

Show illustration of good wiring and poor wiring practices. 
Discuss the results of the danger i nv °iY e ^_^"^ ^ e e *P* nse 
of poor wiring. (Especially wiring, stressing that this is 
important regarding the service entrance connection;) 
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Content Outline 



1. Components of Service Entrance 

a. Insulators on outside of building 

b. The meter socket 

c. Cable for vires iti conduit from the insulators io 
the meter socket and into the building 

d. Disconnection equipment and overload protection 
devices (circuit breakers or fuses) 

e. Ground connection 

2. Types of Service Entrance Panels (SEP) 

a. Fuse-type — This type of panel usually costs less 
but is inconvenient to use. When a fuse "blows" 
because of a circuit overload, it must be replaced 

b. Circuit-breaker type — this type of breaker is 
almost totally used in new structures. When 
tripped because of overload, the circuit breaker i 
simply reset after correcting the problem without 
having to replace it. Circuit breakers are 
available in sizes to protect any circuit desired. 
They are rated in amperes and carry 80 percent of 
the rated capacity continuously . The circuit 
breaker main switch is a heavy-duty 2-pble bff-dn 
switch that will turn off all power to the panel. 

3. Size of Service Entrance Panel 

a. the size of the Service Entrance Panel refers to 
the total ampere capacity of the entire panel. 
Normally, the SEP is rated as 100, 150, or 200 
amperes. Usually 100 amperes is considered a 
minimum requirement. If a structure ha* electric 
heat pr air conditioning, and electric water 
heater* 150 or 200 amperes will be required. 

b. Demand factors are considered when rating the 
amperage requirement for a SEP. One method is the 
following: 

1) Include IE 30 watts for each twb^wire, 20-amper 
small appliance circuit. 

2) Three watts per .09 square foot of the house 
for general lighting and generai-use 
receptacles. 



112 



3) tist the nameplate ampere rating of all fixed 
appliances, ranges, wall mounted ovens » and 
counter-mounted cooking units ; 

4) List the nameplate ampere or KVA rating of all 
motors arid of ail iow-power-factor loads; 

Multiple amperes x volts if motor rating is given 
in amperes* 

5) Use ine largest of the following: 

a) Air-conditibhihg load at 100 percent 

t?) Sixty-five percent of the total demand of the 
central electric heating load 

Use only one of the above in the total. 

6) Compute the calculated load. Find the total load 
iti watts and divide by 230 volts to determine the 
ampere rating for the total requirement for the 
SEP. 

4. Mounting the SEP Cabinet 

The steel SEP cabinet is normally mounted into a wall 
by securing it to the studs bri either side of it. The 
front of the cabinet will line up sd as to allow for 
the finished wall surface. 



5. The Service Drop 

a. The service drop is the cable or wires that extend 
from the power company transformer to the 
structure. It is usually installed by the power 
supplier. It is usually composed of two black 
insulated wires and brie bare neutral wire which 
provide a 120/240 volt service. (Transparency 
IV-2-A) 

b. The procedure is as follows: 

1) Select a location for the insulator rack. 

2) Check ground clearance — (Transparency IV-2-B) 
The ground clearance is determined by the type 
of area over which the wires extended and the 
voltage passing through the wires. Most 
service drops are 10-15 feet above ground 
level. It is recommended that a 15 foot 
clearance be maintained over residential 
property. 
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3) Check roof clearance —If the roof _ slope _ is 
not lfcss than 4 in H inches and voltage is hot 
over 300 volts* a 3 foot clearance is 
permitted. 

i) Check for window clearance —There should be a 
clearance of hot less than 3 feet for windows, 
doors » etc. 

c. To isount the service drop rack, fisteri the cable to 
the side of the house by means of ah insulator 
rack. Locate the entrance head above the service 
drop to allow room for drip loops. A drip loop 
prevents water from entering the entrance head. 
(Transparency IV-2-C) 

Service Entrance Cable Installation 

a. Measure and cut cable for installation between . 
entrance head and meter has?. Be sure to add 3^ 
feet for connections at eritratire h^ad and mete? 
base. (Transparency IV-2-D) 

b. Remove about 3 feet of outer jacket from the cable. 

c. Prepare neutral wire for installation by unwrapping 
the separate strands and tvistlng together to form 
a base conductor. 

d. Install wires in entrance head. 

e. install the entrance head by mounting it 12 inches 
higher than the insulator rack. 

f. Install metfcr base about 4*s-5 feet above the ground 
unless otherwise specified. (Transparency IV-2-D) 

g Attach cbaosctors to the meter base. A watertight 
connector is installed at the top. (Transparency 
IV-2-E) 

h. Insert the end of the cable from entrance head 
through the top meter base of^ning and tighten 
connector on the cable. There should be 6-8 inches 
of cable inside the meter bafe. (Transparency 
IV-2-E) 

i. Drill hole through wall for cable. 

j. Measure and cut cable length to reach service 
entrance panel. Add 14-24 inches. 
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k; Install cable between meter base and the SEP by 
inserting wires in bottom outlet of meter base; 
Insert cable into meter base connector and tighten; 
Place cable through the wall and pull to SEP; 
Aboi f 6 to 16 inches of cable should extend inside 
the |>ariel box. (Transparency IV-2-E) Install sill 
plate, where required, to seal the hole where the 
cable. enters the building. (Transparency IV-2-F) 
Finally, Install cable straps $H feet apart arid 12 
inches from meter base. 

1, Connect cable to meter base terminals by connecting 
the insulator cablea to the upper and lower line 
terminals, and the neutral base wire will connect 
with the center Neutral terminal* (Transparency 
IV-2-G) 

Connect Service Entrance Wiring 

a. The inside of the service entrance cabinet includes 
the main breaker or fuse pull-out, the neutral bar, 
andthe circuit breaker panel. (Transparency 
IV-2-H) 

b. Procedure to connect service entrance conductors to 
service entrance panel terminals: (Transparency 
IV-2-IJ 

1) Connect the two hot conductors "These arc 
usually noted by being black or black and red. 
Insert each of the wires into the connector in 
the main breaker terminal. 

2) Connect the neutral wire to the neutral bar 
terminal. 

3) Ground and bond neutral bar to the panel 
cabinet — A bolt or strap is usually provided 
for this. 

c. Grounding procedure — ■■ To ground the wiring system, 
a ground wire must be connected from the neutral 
bar on the SEP to an approved grounding electrode. 

1) Most systems use a % inch steel or iron rod for 
grounding purposes. This should be driven into 
the ground 8 feet. 

2) Connect the grounding conductor at the neutral 
bar. 

3) Connect the grounding conductor at the 
grounding electrode. 
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4) Bond the firat grounding electrode to at least 
one other grounding electrode. 

d. Connecting circuits in the SEP (120 volt) 
(Transparency IV-2-J) 

1) Extend the white wire and the base grounding 
line around the edge of the cabinet to the 
neutral bar. 

2) Attach the white*wire to the neutral bar. 

3) Attach the base grounding wire to the neutral 
bar. 

4} Insert the black wire under the screw iti the 
circuit breaker and tighten the screw. 

5) Insert the circuit breaker into the slot at one 
end and push the blade into the clip terminal. 

e. Connecting circuit in the SEP (240 volts) 

1) Connect the black wire to a terminal on the 
240-volt circuit breaker. 



2) Attach the white wire to the other breaker 
terminal. Put black tape on the end of the 
white wire to identify it as hot. 
(Transparency IV-2-K) 

3) Attach the grounding wire to the neutral bar. 

f. Connecting 120/240 volt circuits. (Transparency 
IV-2-K) 

1) Attach white wire to the neutral bar. 

2) Insert black (hot) wire ; ider a terminal on a 
double-pole circuit breaker and tighten. 

3) Insert the red (hot) wire under the other 
terminal on the circuit breaker and tighten. 

4) Attach grounding wire to a neutral bar 
terminal. , 

C. Suggested Student Activities 

A pair of students will construct a studded wall_8 feet 
long and 8 feet tail. Each group of students will properly 
install a service entrance panel and properly connect two 
120 volt circuits, two 240 volt circuits* and one 120/240 
volt circuit irith circuit breakers included. 
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THE SERVICE DROP 





TRANSPARENCY IV-2-A 
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GROUND CLEARANCE FOR SERVICE DROP 




DRIP LOOP At SERVICE HEAS 
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SERVICE ENTRANCE SABLE INSTALLATION 




ATTACHING CONNECTION TO METER BASE 





TRANSPARENCY IV-2-E 



INSTALLING GABLE STRAPS 
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CONNECTING METER BASE TERMINALS 



METER BASE 
TERMINALS 




TRANSPARENCY IV-2-& 
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CONNECTING SERVICE ENTRANCE HIRING 




NEUTRAL 
BAR 



MAIN - 
BREAKER 



CIRCUIT 

BREAKER 

PANEL 




Good Wiring 
Practice 




Poor Wiring 
Practice 
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CONNECTING SERVICE ENTRANCE WIRING 





TRANSPARENCY IV-2-I 




CONNECTING CIRCUITS IH THE SERVICE ENTRANCE PANEL 
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INSTRUCTIONAL AREA: Agricultural Mechanics 
INSTRUCTIONAL US if IV: Electricity 
LESSON 3: Selection of Electric Motors 

I. Preparation for Introduction 

A. Student Objectives 

1. Terminal: Describe selection of electric notois. 

2. Specific: 

a. Determine the size motor to select. 

b. Determine the motor speed to select. 

c. Define the motor doty to select. 

d. Select the proper type of acor. 

e. Select the proper enclosure for a motor, 

f. determine the proper motor mount. 

B. Review of Teaching Materials 

1. Electrtr Motors: Selection, Protection, Drive s . 4th 

ed., Athens* Ga.: American Association for 
Vocational Instructional Materials. 1978. 

2. Phipps, L. J. Mechanics in Agriculture . Danville, 

111.: Interstate Publishers and Prir.rcr^, 

C. Special Arrangements 

1. Obtain different types of electric motors for display 
and discussion. 

2* Ask ah electric company representative to cotne to cla 
to discuss selection of electric motors. 

II. Presentation of the Lesson 
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Motivation 

Discass the many uses and advantages of using electric 
niotor- Emphasize the labor and honey saving quality 
using ^^ectric notbrs. 
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Conduct Outline 

1; Motor Size Determination 

JJ, LrttCfTfiA&C UVW KBUUU JWWCl *5» tw.v«as»»t; *»» ^ »■ • — 

avoid selecting a motor too small or tod large for 

the job. If one is replacing a portable engine it 

is acceptable to get a motor with 2/3 to 3/4 as 
ouch power as that engine. 

b. Availability of electric power is essential, 
(Transparency IV-3-A) 

1) Single pn&se (120 or 240 volt) — This type of 
electric power is supplied to taost fartss and i 
the most common type available. Three wires 
usually extend from the pole to the electric 
motor. 

2) 3-Phase (240 volts or more) — With this type 
of electrics! power, four wires will extend 
from the pole to the motor. This is commonly 
used by industry for operation of electric 
motors. 

c. Service entrance capacity —Normally, one service 
entrance should have three times more amperage 
capacity than is rated on the nameplate of the 
motor. This is necessary to allow for the line 
surge required to start the motor. 

2. Motor Speed Selection 

a. Different items of equipment operate at different 
speeds. It is necessary to get a motor that will 
operate at the proper speed. 

b. Determine at what speed the equipment is to 
operate. This is measured in revolutions per 
minute (rpm*)- 

Ci Most motors operate at no-load speeds of 3680, 
1800, and 1200 rpm. 

d. If equipment requires a speed different from 
standard speeds, it will be necessary to buy a 
standard motor and use a speed-conversion drive 
system to attain the proper speed. 

3. Motor Duty Selection 

a. Motor duty refers to the amount of time the motor 
is operating under full load afid how much time it 
is stopped. 
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b. There are two classifications of dlity — continuous 
and intermittent . 

c. Continuous types of motors are designed for 
constant full loads for more than 60 minutes at a 
tine. This is the most common typie of motor. 



d. Intermittent ~vpes of motors are designed for 

continuous duty. Insulation and wiring are not as 
good and will not last long under full loads for 
long periods of time. They are designed for fully 
loaded periods of 5, 15, 30, or even 60 minutes. 

4. Motor Type Selection — Various naotbr types are grouped 
into two kinds of starting loads: 

a. Easy starting loads (Transparency IV-3-B) 

1) Shaded-pole induction — This type of motor has 
a low starting torque of 50 to 100 percent of 
normal full-speed torque. This type of motor 
is for intermittent duty only. (Transparency 
IV-3-C) 



2) S^lit-phase — This is good for torque of sou*!! 
Loads and requires a starting torque of 100 to 
^0 percent of normal full-speed torque. It 
has the disadvantage of drawing from 6 to 8 
times its normal running current when starting. 

3) Permanent -split > capacitor induction — This 
motor has a low starting torque and is used on 
easy-to-start loads. The capacitor aids the 
ability of a motor to start a load. 

b. Difficult starting loads (Transparency IV-3-B) 

1) Capacitor-start „ Induction-run— ' This motor 
will develop three times more starting torque 
than the same size split-phase type. 
(Trahlpareticy IV-3-D) 

2) Repulsibh-start, Induction-run — It is used 
with single-phase power and will develop n 
starting torque of 4 times its normal running 
torque* 

3) eapacitor-start, Gapaci tor-run — It generates 
3^ to 4*3 times the normal running torque for 
starting. Its capacitors are ased for both 
starting and runninf . 
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c. Other factors in selecting motor type: 

1) Direction of rotation, 

2) Costs* and 

3) Maintenance. 

Enclosure Selection (transparency IV-3-EJ 

a. Drip-proof — This type of enclosure provides for 
easy movement of air through the end shield into 
the motor mechanism. 

b. Splash-proof — This enclosure is designed to keep 
free water from splashing into the motor mechanises 
Consequently, the openings in the casing csust be 
reduced. 

c. T6tally^enclb6ed — This has rid openings for 
outside air to circulate through the motor. An 
internal fan circulates only the air inside the 
housing* this may cause the motor to run a bit 
hotter than other types •_ The manufacturer 
Indicates on the namepiate the amount of 
temperature rise each trotor can withstand. 

d. Selection of the type of motor enclosure will 
depend on how ouch water or spray will cone in 
contact with the motor. Dusty conditions rrast als 
be taken into consideration. 

Mounting Base Selectidri 

a* the purpose of mounting base 

1) Anchor the motor in posit ibri. 

2) Provide means for tightening a belt drive. 

3) Align the motor. 

4) Reduce vibration on the motor, 

b. There are two general types of mounts: 



1) Rigid — This is most commonly used. 

2) Cushioned — This is used to dampen equipment 
vibration. 
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C. Suggested Student Activities 

Each student mist identify three types of Mtc*s that 
been placed bri a table in front of the classxoor.. Th 
student will then describe that particular obtor. 
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Single-phase power is like one man driving a tent 
stake. Three-phase power is likf three hen driving 

THE SAfVE STAKE. 




TYPES OF STARTING LOADS FOR MOTORS 




DIFFICULT STARTING LOAD 
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"MMSPARENCY IV-3-B 
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TRANSPARENCY IV-3-C 
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TYPES OF ELECTRIC MOTORS 



CAPACITOR START, 
INDUCTION-RUN 




REPUtSION-START, 
INDUCTION-RUN 



CAPACITOR-START, 
CAPACITOR-RUN 





THREE-PHASE, 
GENERAL-PURPOSE 



- r 
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TRANSPARENCY IV-3-D 



137 



TYPES OF ELECTRIC MOTORS 



1 

DRIP-PROOF 




TOTALLY-ENCLOSED 




TRANSPARENCY IV-3-E 



INSTRUCTIONAL AREA: Agricultural Mechanics 



INSTRUCTIONAL UNIT IV: Electricity 
l:t:>s£JN 4: Operating Electric Motors 

I; Preparation for Instruction 

A. Objectives 

1. Terminal: Demonstrate the operation of electric motors, 
controls* and drives. 

2. Specific 

a. Describe how an electric motor operates. 

b. Identify and describe the motor overload protection 
device. 

c. Describe and select electric motor drives. 

B. Review of Teaching Material 

1. Brown* R. H. and C. E. Henderson. Electric Meters ^ 

Selection. Prot e ction * Drives . 4th Edition, 
Athens, Georgia: American Association for 
Vocational Instructional Materials* 1978. 

2. metric Motors Start ^nd^Rutt . Athens, Georgia: 

American Association for Vocational Instructional 

Materials* 1980. 

3. Phipps, t. 3. Mechanics in Agriculture. Danville* 

111.: interstate Publishers, 1977. 

C. Special Arrangements 

Arrange for a local business that repairs or specializes in 
electric motors to give a demonstration on pulley selection 
and use of electric motors for various jobs. 

D. Materials Required 

1. Electric motors 

2. Different kinds of belts used with electric motors 
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II; Presentation of Lesson 
A. Motivation 

Disease and illustrate the_r?umerbus items of equipment that 
can be operated by using eleciric motors. This application 
of electric motors is especially true on the farm and in 
agriculture-related businesses. 
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B: Content Outline 

t; Electromagnets (Transparency IV-5-A) 

a. An electromagnet ts similar to a permanent magnet 
but can be made stronger. This is tmt type used in 
electric motors. To produce an electromagnet, wrap 
insulated wire around an iron rod. This rod is called 
the core. When an electric current flows through the 
wire, the iron core becomes magnetized. It has an N 
pole and an "S" pole. These poles can be reversed by 
changing the direction of current flow. Alternating 
currtnt 8 r.hanges direction on its own and { ™en y, 
ihe poles in the electromagnet change. It is important 
to note here that when two magnets are placed close 
to each other, like poles repel each other while 
unlike poles attract each other. (Transparency 
IV^4-B) 

b. In an electric motor there Ire two types of 

nagnets-a stationary electromagnet calle a . 
"stator" and a rotating magnet called a rotor. 
The alternating current causes the polarity of the 
electromagnet (stator) to change many times in a 
second°H like poles are placed near each other, 
the tree-turning magnet will rotate This continual 
repelling of like poles will cause the rotor to turn 
at a high rate of speed. (Transparency IV-4-C) 

c Most motors operating on alternating current use 
rotors of a special design called squirrel-cage 
rotors because it resembles a cage for exercising 
squirrels. (Transparency VI-4-D) .IW. rotor 
consists of circular end rings joined with metal 
bars. These bars are placed opposite each other. 
Rotors normally have several bars E ectric motors 
with squirrel cage rotors are died induct on 
motors. Only the stator has outside electrical 
connections. The rotor has no electrical 
connection. Rotor current is induced (generated) 
within the rotor itself. 

2. Motor Overload Protection 

A motor will not be damaged by more current than normal 
flowine through it for a Short time. However, 
bura out i^the overload is continued for a considerable 
iS. It is therefore necessary to protect a motor w.th 
I divice that will allow the high starting current to 
?low for a short time but will disconnect the motor if 
"rrent from S overload flows through it for a longer 
period. These devices are called overload devices. 
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a; types of overload devices 

1) Manual-reset type — This type of device must be 
reset by pressing a button before the motor will 
start again. This is the best type to have 
because it prevents the motor from c 2Dtng_back 
on before the operator is ready* (Transparency 
IV-4-E) 

2) Automat ic-reset type — This type operates 
without manual assistance. When the heater in 
the control cools, the bimetallic disk snags 
back into place and the motor restarts or tries 
to if still overloaded. (Transparency IV-4-F) 

3) Manual starting switch with overload protec- 
tion — This control is usually equipped with a 
heater strip (or coil) with an amperage rating 
matching the motors or hot more than 25 percent 
greater. It is important to install the right 
one in the control at the time it is purchased. 
(Transparency IV-4-G) 



5) Magnetic starting switch with overload 

protection — As current flows through the motor 
circuit, heat is given off but not enough to 
cause the bimetallic overload control switch to 
open unless there is continuing overload on the 
motor. If it does continue, the extra heat L 
causes the bimetallic strip to open the switch 
and open the solenoid circuit which operates the 
magnetic starting switch. The motor stops and 
must be manually reset and started. 

5) Time-delay fuse in motor disconnect switch 
(Transparency IV-4-H) 

a) This fuse allows for temporary overloads 
such as a motor starting equipment already 
connected. It is similar to a regular fuse 
except it has a spring and solder cup. When 
heat from an overload extends long enough, 
it will soften the solder enough for the 
spring to pull the fuse link but of the 
solder. 

b) Time^deiay fuses are available in plug and 
cartridge types. (Transparency iV-4-I) 

6) Curreht-liB^titig starters 

These devices are used primarily on large 
electric motors and are often required by power 
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suppliers on 7.5 hp or larger single-phase 
motors. 

b; Effects of motor size on control selection 

ij For motors of less than 2 hp, built-in overload 
protection is provided in the motor. 

2) For motors h to 3 hp, a manual starting switch 
with overload protection may be used. 

3) For fiotors 5 hp or larger, magnetic starting 
switches with overload protection should be 
used. 

4) A time-delay fuse may be used on any size motor. 

55 If a motor is 7.5 hp or larger (single-phase), a 
current-limiting starter and nanual starting 
switch with overload protection is recommended. 

Motor Drives (Transparency 1V-4-J) 

a. Direct drive This is used when the equipment 
turns the same speed as the motor. 

! Fiexibie-hose coupling — The ends of the hose 
are clamped over the ends of the motor and 
equipment shaft. 

2) Flange coupling — One half of the flange is 
fastened to the motor shaft arid equipment 
shaft. A flexible disk is placed in between the 
two halves and they are^ fastened together. In 
this case, the shafts must be in perfect 
alignment with each other. 

3) Cushion-flange coupling — This is a tire-shaped 
segment to which two flanges are attached. 

A) Flexible shaft — It is important when 

purchasing a flexible shaft to buy one that will 
be run in the direction for which it was built * 
This is especially true if the equipment must be 
turned in a certain direction. 

b. Speed-conversion drive (Transparency IV-4-K) 

1) Pulley and Belt Drive (Transparency IV-4-L) 

a) V-Belt 

b) Webbed V-Belt 
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c) Flat Belt 
dj V-Flat 
2 J Gear drive 

3) ehain-ahd-Sprocket drive 

c. Determining size of direct drive needed 

1) For motors of 1/3 hp or less, use a flexible 
hose coupling. 

2) If the motor is 1/3 hp or more, the flanged or 
cushioned type of coupling may be used. 

3) A flexible shaft can be used for any motor up to 
2 hp. 

d. Determining type and diameter of pulleys needed 
1) Type 

a) Standard V-pulley This is selected when 
the motor will be used for one job. 

b) V-step pulley — This type is used when a 
variety of speeds may be required by 
different items of equipment. 

c) Adjustable V-pulley — This pulley allows 
for adjustment in and out to give more or 
less diameter. 

25 Diameter of pulley 

Pulley selection formula 

Diameter of RPM of bianeter of 

motor pulley - equipment pulley X equipment paiiey 

3) Determine length of V-belt needed 



If the motor is already mounted, the length ntust 
simply h* meapcted around both pulleys and 
between the motor and equipment, using a 
measuring tape, if the motor does hot have to 




be mounted in. a certain place, the length can be 
determined using the following formula. 



5 X diameter of largest pulley 
1.6 X diameter of motor pulley 



1.6 X diameter of equipment pulley __ 
Total length 



C. Suggested Student Activities 

1. Divide the students into groups. Allow each group to 
properly install one or more of the electric motor overload 
devices. This could be done With a special plywood surface 
designed and constructed for this purpose. 

2. Each student will prepare and submit a written and 
illustrated paper on motor drives. This will acquaint the 
student with the types of drives and what they look like. 

3 The instructor shall develop student exercises that require 
determination of the type and diameter of pulley to be used 
for an assigned job and electric motor requirement. 
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OPERATION OF AN E LE CT ROf l A . G p l E T 




Ai Electric current flows through the 

WIRE TO MAGNETIZE THE IRON CASE. 




b, When wire is disconnected,, 
current flow stops. 




OPERATION OF AH ELECTROftAGNET • 




BASIC OPERATION Of AN ELECTRIC rtOTOR 




BASIC OPERATION OF AN ELEGIT. IC MOTOR 




MANUAL RESET OVERLOAD PROTECTION 




M STOR 0VEBLOA D 

(TRIPPED POSITION) 




TRANSPARENCY IV-4-E 
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AUTOMATIC RESET OVERLOAD PROTECTION 



NORMAL OPERATION 

(NORMAL POSITIO N) 



SWiTGH- 




MOTOR CIRCUIT 



HEATER STRIP 
— ICOOLJ 



0 Bl METALLIC DISK 



MOTOR OVERLOAD 

(TRIPPED POSITION'! 








HEATER STRIP 
(HEATED) 





/ 

TRANSPARENCY IV-O-F 

m 



Manual starting switch with overload protection 
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TRANSPARENCY IV-'I-G 
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TIflE-DELAY FUSE 



I — — 

OVERLOAD 

(TRIPPED POS«TION) 




(NO CURRENT FLOW IN CIRCUIT) 



NORMAL OPERATION 




MOTOR CIRCUIT 



TRANSPARENCY IV-4-H 
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TYPES OF TIME-DELAY FUSES 



STANDARD 
PLUG-FUSE 




ADAPTER FUSE 
& ADAPTER 




CARTRIDGE 
FUSE 



TYPES OF DIRECT MOTOR DRIVES 
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TRANSPARENCY IV-4-J 
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types of speed conversion drives 



PI 1 1 I CV 

BELT DRIVE 




eHAIN-AND- 
SPROCKET DRIVE 




GEAR DRIVE 




TRANSPARENCY IV-'I-K 



TYPES OF PULLEY AND BELT DRIVES 
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INSTRUCTIONAL AREA: Agricultural Kecbantcs 



INSTRUCTIONAL UNIT IV: Electricity 

LESSON 5: Maintaining Electric Motors 

I; Preparation for Instruction 
A. Objectives 

1. Terminal: Demonstrate maintenance procedures for 
electric motors. 

2. Specific: 



a. Demonstrate the procedures for proper lubrication 
electric motors. 

b. Demonstrate the process of cleaning an electric 
** motor. 

c. Describe the procedures for general maintenance of 
an e?:ctric motor. 

B. Review of Teaching Materials 

1. Phipps, L. J. Mechanic s i n A gr icultu re , Danville, 
111.: Interstate Publishers, 1977 ; 

2. Wakeman. T. J. and V. L. McCoy. The Farm S hop . New 

York: The MacMillan Company, 1960. 

C. Special Arrangements 

J. Obtain enough electric motors for each pair of student 
to be assigned in the class for the suggested student 
activities. 

2. Obtain tools necessary for disassembly and assembly of 
the electric motors. 

II. Presentation of the Lesson 

A. Motivation 



Demonstrate the consequences that occur when a ©dtdr 
operated that was not cleaned and lacked proper 
maintenance. 

Show the interior of an electric cwtor that has been 
ruined by operating it in an unaatntalned state. 
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!. Lubrication 

a. Many aotors today have bearings that require no 
lubrication. However, most do require sons oiling 
procedure for proper maintenance. Most manufac- 
turers give lubrication information with the motor 
when purchased. It is most important to follow tfee 
recommended instructions as to grade, weight, and 
amount of lubricant described. 

b. Do not over lubricate since this creates overheating 
from an accumulation of grease and dirt. This will 
tend to overload th* motor and wear but bearings. 
It is helpful to maintain up-to-date and accurate 
records showing lubrication dates for various 
motors. 

c. It is essential to stoj the motor and clean the area 
Ground the cover or pl^* of the lubrication system. 
Ola oil shbild fee draiued every 18 months. Gl <i3ah 
oil and clean containers should always be uses in 
the oiling process. 

2. Cleaning the Motor 

a. the exterior of the motor can be cleaned with a dry 
ciDch. This removal of dirt and lint can prevent 
internal damage to the motor. Ventilation openings 
should be checked and cleaned regularly. In 
addition, a clean exterior will help maintain cooler 
motor operation. 

b. It is usually necessary to clean the internal parts 
of the motor every three to for years; Disassembly 
of the motor is required for proper cleaning of this 
type . 

c. The form bolts holding the end shields rte removed 
first. Remove the end shield! with a tap of a 
hauler or by prying gently with a screwdriver. When 
the shields are removed j_ ch^:H. all wires for damage 
and proper placement. The rotor ihouid easily sJicc 
out after the end shields arc removed. 

d. Cleaning is recommended as follows: 

1) Clean rotor and oil from the windings with 
carbon tetrachloride, 

2} Clean switch contacts with sandpaper. 

3J Clean the windings using compressed air. 
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4) Clean oil from all exposed surfaces. 

5) Inspect bearings for smoothness; 

6) Clean lubrication system if bearings show 
evidence of being scratched. 

7) Reassemble after cleaning* 
3. General iaintenance procedures 

a. Oil regularly and use only a few drops, 
b; keeo the motor cleans 

e. Check unsealed bearings at least once a year and 
keep housing filled to the proper level with ball 
bearing grease; 

d. Clean colssiutatsr with 00 sandpaper while the sotor 
is running. Do not use enaery cloth. 

e. Do hot allow motor to run hot, 

f. Use a cable on the mot^v of sufficient size to carry 
the power heeded. 

Glran dust and dirt from the motor. A vacuuo 
cleaner can be uced to clean the windings, 

h; Do not overload the motor; 

i. Always kec^ belt tension properly adjusted. 

j. Keep the motor properly aligned with the equipment 
being driven* 

Suggested Student Activities 

\. Each student will design and construct a poster board 
display that illustrates the importance of maintenance 
and cleaning. 

2. Divide students into pair:*, Each pair of stumor* s will 
be assigned ais electric motor. The students will 
disassemble the motor, properly clean it. and reaisrab'l 
for operation. 
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IfiSTRUCTIOSAL AREA: Agriculture Mechanics 

O 

INSTRUCTIONAL UNIT V: Tractojt^MaiDtenance , Operation* and Safetv 

j 

r 

LESSOK t: Tractor Safety / 



I. Preparation for Instruction 

A. Student Objectives 

1. Terminal: Demonstrate correct and s^fe tractor 
operating habits. 

2. Specific: 

a. Demonstrate good safety habits. 

b. Use proper hand signals for communications. 

c. Recite safety rules from memory. 

d. Demonstrate proper use of slow moving vehicle 
emblem. 

e. Demonstrate accepted safety practices when using 
hitch mounted equiomcrt . 

t. Demonstrate proper safety procedures when u^in* 
equipment that ia palled behind the tractor. 

B. Review of Teaching Material* 

1 . Fundamentals of Machine Operaticr.: Tracts <- . M o ; ne . 
111. : Deeve anu company, 19?**, 



Tra ctor Operation and Daily Care. Athens, C.-»..: 

American Association for Vocational Instructional 

Materials* 1967. 

C. Special Arrangements 

h Farm Bureau Tractor Safety Program (slides And movies) 
2. National Farm Safety Foundation (brochures) 
lii Presentation of Lesson 
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A. Motivation 



1. Slide aad Bbvie presentation by the safety department of 
the Louisiana Farta Bureau Federation 

2. Newspaper accounts of local farta accidents 
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One of the most important aspects of tractor operation is 
Establishing good safety practices. Because tractors z_te 
large, heavy, arid powerful machines, they require careful 
operation and service. New tractcrs are equipped with ^ 
safety devices to provide a reasonable amount of protection. 
However, it is_ the operator's responsibility to practice 
goad safety habits. A good tractor operator must always be 
ialert for situations that are potentially dangerous. 

Often, ohen operating the tractor, people must conmunicate 
with the operator. The sound of the tractor normally 
prevents effective vocal communication. The most effective 
kind of communication in this situation is the, use of hand 
signals understood by the operator and the person with whom 
he is communicating. Severs! organisations and safety 
organizations have endorsed a set of universal signals. 
Learn tht»se signals and use them to prevent accidents. 

Before operating a tractor, study the operator's manual. 
The more the operator knows about a tractor, the better 
prepared he will be to operate it safely. If a tractor is 
stored inside a building, open the doors to provide adequate 
ventilation. Do not operate a tractor in an enclosed 
building for long periods of time, the engine exhaust fumes 
are very poisonous. 

There are e series of preoperation safety checks. These 
include the following: 

1. Clean the tractor before starting. Trash around the 
exhaust system can catch fire^ Oil and grease on 
ladders cflvi c us* the operator to slip or fall. If the 
tracto;; i.» pipped with a cab- dean the windows. 

2. Check th* tire inflation pressure. Underinf tat ion can 
cause the side walls of the tire to buckle. Over 
inflated tires tend to bounce and can cause upsets more 
rapidly than tires with the proper pressure. 

3. Check the operation of all control lights and gauges to 
see that they are working properly. 

S. Hake sure th£t all shield? and covers are in place and 
securely fastened. 

5. Do not attempt to climb onto the tn.rtor by any other 
means than the steps and handrails. 

6. Adjust the seat *o that all controls arc within rn*y 
reach. 
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Care when starting a tractor is essential to avoid injury to 
the operator and others. Follow these safety practices when 
starting a tractor: 

1. Make sure that everyone is clear of the machine ; 

2. Allow no one bri the tractor except the operator. 
3i Before starting the engine: 

a. Place all hydrauLic controls in neutral, 

b. Disengage the PTO, 

c. Apply the brakes, 

d. Place gearshift in neutral or park, and 

e. Depress the clutch pedal. 

4. Be careful when using starting fluid. It is extremely 
£1 arguable. 

5. If necessary to use jumper cables, avoid sparks around 
the battery. Hydrbgeti gas may be present and is 
explosive. 

Stopping a tractor safely Involves more than just applying 
the brakes and turning eff the engine. Ust? the following 
safety suggestions to avoid accidents. 

1. Always slow down before applying brakes • 

2. Disengage the PTO. 

3. Lower all hydraulically powered equipment to the ground. 

4. Place the gearshift lever in park or lock the brakes. 

5. Turn the ignition key to the off position and remove it 
to prevent accidental starting. 

Operating the tractor safely is fcrmbrtaht. Follow these 
guidelines for proper operation safety: 

1. Operate the tractor only when alert or rested. 

2. Allow drily qualified persons to operate the tractor. 

3. Wear safety glasses if the tractor does not have a cab. 

4i Wear snug fitting clothing tc avoid catching clothing on 
moving parts* 
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5. Nevsxr allow anyone but the operator on the tractor. 

6. Use seat belts when the tractor is equipped with ROPS 
(roll over protection structure). 

7., Always sit down when operating the tractor; a sudden, 
jolt can throw you off the platform. 

3. When operating with _aonnt«a equipment* always use 
adequate weighting for tractor stability. 

9. When operating on fippcii; -void eivirp turns, especially 
when turning uphill,, 

IG. When turning* slow dom m4 bajin the turn before 
applying the braLe to in turning. 

11; When attempting to op*r -tta the tractor on a ijiisep s lapis 
back the tractor up the fiili to avoid overturning, 

12. Do not get near the edge of ditch or gully; 

1° Hitch loads to the drawbar to help prevent bacterid 
overturns. 

14. Lower ait iaj>lfe»iit to the ground when hot in use. 

15. Keep all shields in place. 

16. Use the tractor only for jobs for which it was intended 

Often it is necessary to make repairs or adjustments or 
perform maintenance in the field. When this is necessary 
follow the following safety precautions: 

1; Disengage the PT6. 

2. Lower all raised equipment at the ground. 

3. Shut off the engine i 

4. If necessary to work underneath the equipment, use 
safety supports. Do not rely on the hydraulic system c 
support tfc* implement. 

5. Sever smoke when refueling a tractor. 

6. Do not check the coolant level umtil the engine has 
cooled down. 

7. Make sure that all pressure has been relieved before 
discoraecting hydraulic lines. 
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8. Make sure that ail shields or guards are' replaced if 
removed for repairs or adjustments ; 



G. Suggested Student Activities 

1. Have fc-udents demonstrate the safe way to operate a 
tractor. 

2. Have students observe tractor operation habits of family 
members or friends arid report back to class on 
violations of safety practices. 

D. Study Questions 

1. Demonstrate the proper use of hand signals. 

2. Demonstrate the proper safe way to start a tractor. 

3. Demonstrate the proper safe way to operate a tractor bri 
a 8 lope. 

i. Demonstrate the proper techniques to use when servicing 
a tractor in the field. 

5. Explain how many riders are allowed on a tractor and 
why. 

6. Explain why arid when a seat belt should be used on a 
tractor. 

7. Explain why tfce tractor operator should remain seated 
while operating the tractor. 



INSTRUCTIONAL ARL*: Agriculture Mechanics 

INSTRUCTIONAL UNIT V: Tractor Maintenance, Operation, and Safety 
LESSON 2: Vractor Maintenance 

* ; V\;eparation for Instruction 
A- Student Objectives 

1. Terminal: Maintain tractors properly. 

2. SpecS fie: 

l^rjcBih trr,ctt?ir cooling systems, 

b. Maintain lubricating systeei. 

c* Service air cleaning assembly. 

d. Service fuel system. 

e. Service ignition system. 

f . Maint&^n power trains. 

g. Service braking system. 

h. Service hydraulic system. 

i. Maintain steering system, 
j . Service tire*. 

B. Review of Teaching Materials 

I; Fundnyw>ntals of Machine Operation: Preventive 

Maintenance . Mo line, 111. : Deere and Company, 
1973. 

2. Fundamentals of Machine Operation; Tractors . Moline 

111;: Deere and Company, 1973. 

3 . Tractor Maintenance Principles and Practices . Athens , 

Ga.: American Association for Vocational 
Instructional Materials, 1970. 
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C. Special Arrangements 

1. A visit to the ideal tractor company* b service 
department 

2. Samples of parts of a tractor damaged because of 
improper maintenance practices 

3. ebst figures for replacement of damaged parts worn out 
because of negligence. 

Presentation of the Lesson 

A. Motivation 

Use prices of new equipment with labors and parts cost 
estimates from actual repair jobs at tractor dealers to _ 
illustrate the need for proper maintenance practices of farm 



Content Outline 



1. The importance of tractor maintenance: 

a. Properly maintained tractors will give long life and 
satisfactory service. 

b. Proper daily care is essential for a tractor to give 
long service, 

c. The operators manual is the best guide to follov for 
a good maintenance program. This manual explains; 
what parts heed service and at what intervals they 
should be serviced. 

2. Operation devices which protect the tractor: 
(Transparency V-2-A) 

a. Heat indicator ~ This device indicates the 
temperature of the liquid in the cooling system. 

b. Oil pressure gauge — This light or dial gauge 
indicates the pressure which is being regulated by 
the circulation of the oil. 

c. Ammeter — This light or dial indicator tells 
whether or hot the proper amount of current is 
flowing from the battery. 

d. Tachometer — This gauge tells how fast the engine 
Is running in revolutions per minute ^rpics). 

e. Hour meter — This indicates the numbxr of hours of 
use ihd serves as a reminder to the operator (who 
maintains services needed to be performed). 

3. Special Care Practices 

Under certain operating conditions* maintenance services 
should be performed more °ften than is usually 
necessary. These conditions include operating in mud, 
water, or extremely dusty conditions. 

4. Daily Care Practices 

a. After 10 hours of operation, the tractor should be 
maintained by performing the following service 
procedures: 

1) Check crankcase oil levels 



2 J Lubricate grease fittings, 
3) Clean air filter* 
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S) Check coolant level in radiator! 

5) Check tire pressure, 

6) Check fuel level* 

7) Check for broken or worn parts, loose nuts, and 
bent brackets, and 

8) Check the fan, generator, and water pump belts. 

After 50 hours of operation, the tractor should be 
maintained by performing the following service 
procedures: 

1) Check fan shaft bearings and water pump bearings 
for lubrication, 

2) Checfc erahkease oil, drain, and refill, 

3) Check hydraulic fluid filter and replace if 
needed, 

$) Check tires for proper pressure* 

5) Check radiator core, all Beits, 

6) Check flexible rubber connections for :oose 
fitting or leakage, 

7) Check and torque cylinder head bolts on LP 
engines, 

8} Check fluid level in battery. 

9) Check and lubricate clutch release mechanism* 
and 

10) Check and service dry type of air filter 
element. 

After 100 hours of operation, the tractor should be 
maintained by performing the following service 
procedures: 

1) Change oil and filter, 

2) Check .md lubricate brake pedals* clutch pedal, 
and clutch release bearing, 

35 C\ *ek valve clearance, 

4) Check and torque cylinder head bolts, and 



5) Check and clean cylinder head and crankcase 
breather. 

d. After 250 hoars of operation* the tractor should be 
maintained by performing the following service 
procedures: 

1) Check, drain, and refill crankcase and oil 
filter, 

2) Check arid clean fuel sediment bowl, 

3) Check and clean hydraulic screen and replace 
filter* 

4) Check and lubricate all points on tractor 

5) Check and adjust brakes and clutch, and 

6) Check and adjust spark plugs and points bh 
gasoline and tP engines. 

e. After 500 hours of operation, the tractor should be 
maintained by performing the following service 
procedures: 

I J Check and repack front wheel bearings, 

2) Check hydraulic system and change oil, 

3) Check steering gear housing and change oil, 

4) Check cooling system* drain, and refill, and 

5) Check timing of the tractor. 

f . Aftev 1060 hours of operation * the .tractor should be 
maintained by performing the following service 
procedures: 

1) Check transmission, differential* and final 
drive. Drain and refill these parts. 

2) Check all other parts and make adjustments* 
Results of Inadequate maintenance: 

Dirty air cleaners. 

b. Dirty crankcase breathers, 

c. Low tire pressure * 
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d. 


bow liquid level In battery* 


e. 


Improper valve adjustment » 


f . 


Pitted ignition points, 


g. 


Spark plugs dirty and out of adjustment* 


h. 


Dirty crankcase oil. 


i. 


Liquid low in radiator. 


i . 


Brakes out of adjustment, 


k. 


Dirty fuel pump sediment bowl. 


i. 


_ _ 

Bearings lacking lubrication. 




Hydraulic fluid level low* arid 


n. 
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6. Servicing air cleaners, dry and oil bath types 
(Transparency V-2-B) 

a, Oil feath type air cleaner service procedures 
(Transparency V-2-C) 

1) Stop erigirie before air cleaner is serviced. 

2) Remove the oil cup aria clean thoroughly, then 
refill with oil t<? prbpec level. 

3) Inspect the screen for chaff arid other foreign 
matter; remove this before replacing oil cup. 

4) the entire air cleaner should be removed once 
per year and thoroughly cleaned with kerosene or 
fuel oil. 

b. Dry type air cleaner service procedures 
(Transparencies V-2-D and V-2-EJ 

1) Stop the engine before servicing the cleaner. 

2) If the air cleaner is equipped with an unlbader 
valve for dust, tnis to release dust, if 
the uhloader is '^aw&ed, replace it. 

3) Use a clean rag to clean the area around the 
element before the element is removed. 

4) If the rubber gasket on the end of the filter is 
damaged, the entire filter must be replaced. 
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5) If the element is nut to be replaced* clean It 
by using the following pruretfure: 



a) ^ap the element to luobeti the dirt, Shake 
t?ie el eaent to remove the iobhe dirt. 

b) Use: a compressed air hose to blow the 
element clean. 

c) Wash the element with detergent and water. 
Rinse with riean water and allow 24 hours 
for S-rjcl-Hj before replacing the element. 

Lubricating the tractor and craukcase 

a. Types of engine lubricating systems: 

I J Splash — Oil is splashed to the working parts 
of the engine by cups, dippers* or troughs in 
the engine, and is used in single cylinder 
engines* 

2) eircatating-splash — Oils are splashed to parts 
of the engine by the enj of the connecting rods 
as they revolve through th*. splash pah troughs. 
Oil is supplied to the troughs by ah oil pump 
located in the crankcase. (Transparency V-2-F) 

3) Force-feed — An oil pump picks up oil and 
forces it to the various parts of the engine. 
(Traniparenciei V-2-C and V-2~£) 

b. Ghangisig crsnfcc&se oil — This should be done while 
the engine is warm. Lt is important to remove the 
oil tmSedia^ely after stopping the engine. More of 
the dirt* sludge, and other cbitainiharits are relieved 
if they are not given the chance to settle, 
(transparency V-2-I) 

c. Factors influencing the changing of oil: 

1) Length of running period between changes 

2) Long idle periods of tractor 

3) Running the tractor on short trips during cold 
weather 

4) Using the tractor on dirty or dusty jobs 

5) rfetal and other abrasives collected in 
crankcase 



di Greasing the tractor 

1) Tfte operator's manual is used to determine wtteri 
to grease the tractor. Tractors that work uhd *r 
moist or dusty conditions need greasing mere 
frequently; 

2) It *3 important to use the correct type and 
amount of grease. Some working parts are 
enclosed lh a rubber container that may be 
damaged if too iruch grease is used. 

3) Ail grease fittings must be wiped clean before 
applying grease with the grease gun. Grease 
must be free from impurities. Dust particles 
can destroy a bearing in a short time. 

8. Servicing the cooling system of the tractor 
(Transparency V-2-J) 

a. The radiator should be checked for the following 
conditions: 

________ / 

15 Bend or damaged fins, 

_ _ _ i 

2) Dents on f/ame or tanks, 

3) Cracked tubes or solder seams, and 

4) Clogged or bent overflow tube. 

b. Defective caps should be replaced. 

c. ChccV. fam for bent blades and closeness cf blades to 
the rid later core, (transparency V-2-K) 

d. Check faa belts for wear and proper tension 
adjustment. 

1) Beits that are too tight cause excessive bearing 
wear. 

2) Beits that are tod loose may cause engine 
overheating and excessive belt wear. 

e. dheck water prop for leaks or damaged hburlhg. 

f. Hoses can be checked fey squeezing to see flf they are 
cracked, hard, or brittle. They should not be soft 
or swollen. (Transparency V-2-LJ 

g. Keeping the cot ing system filled with proper 
coolant is necessary. Us* the following procedures. 
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i) Drain system; flush with clean water. Use a 
cleaning agent if iorro~ion or mat exists. 

2} Checks for leaks and lighten sil connections. 

3) Refill with water and an approved coolant. 

9. Maintaining the fuel supply system 

a. In order for a fuel supply system to give good 
performance, it is necessary that all parts of the 
system remain in proper working condition. 
(Transparency V-2-M) 

b. Fuel filters are used to stop water and foreign 
objects before they reach the fuel pump. They 
should be checked periodically and drained. If the 
filter is equipped with a screen or sediment bowl, 
they should be retaaved and cleaned. Any part that 
is damaged or cannot be cleaned should be replaced. 

c. Carburetors should be checked and adjusted after 
each 250 hours of operation. The following steps 
should be followed when servicing a carburetor. 

1) Clean ail ratal parts with a cleahir^ solution. 

2) Avoid the use of vires or drill bits when 
cleaning or f ices or jets; 

3) Adjust needles properly. The nee a seat may be 
damaged if they are seated too ti^*-- 

4J Test the float for l*,aks and check its height. 

5) Tighten all screws, especially those which hold 
the thtdtrle diih in place. 

6) Adjust xdl« fuel mixture by turning in until the 
engine begins to idle roughly; then it is turned 
out until the engine idles smoothly. 

7) Adjust fttil-ioad fuel mixture by turning the 
screw in until the engine loses power; th*h is 
backed out until tiie engines run smoothly. 

d. Diesel fuel systems are equipped with fuel filters 
to protect the fuel injection system and engine from 
the finest particles of abiaaive sediment and dlrr. 
If a dies^I engine begins to miss, the first place 
to check is the fuel filtering system. The diesel 
system does hot have a carburetor; it is equipped 
with a fuel pur iad filter system similar to these 
of gasoline «i he*. (Transparency V-2-N) 
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10. Maintenance of a tractor ignition system 

a. Battery maintenance (Transparency V-2-0} 

1) Clean with damp cic^h or brush using baking soda 
arid water solution to neutralize acid ieposits; 

2) Inspect and tighten all battery connections ; 

3) Remove and clean corroded cables. 

h) Clean terminal posts with a steel brush. 

5) Apply grease to post and cable connection to 
slow dowr future corrosion. 

6) Keej cells filled to proper level by adding 
cleans water. 

b* Servicing ignition switch and ammeter 

1} Replace these if they do not function properly. 

2) Check wires leading to switch and ammeter if 
problems :rise with these .units. 

c. Ignition coil service (Transparency V-2H?) 

1) Check terminals aod connections to make sure 
they are clean and tight. 

2) Rubber nipples and boots should be in good 
condition. Damaged rubber pieces bri high 
voltage circuits will cause leakage of current* 
where surfaces are exposed. 

3} Crackid coils, ifiust He replaced. 

4) Cbfls with bad wiring must be replaced. 

d. Distributors are usually checked if the engine is 
hard to start, fires improperly, or if the engine 
uses excessive amounts of gasoline (Transparency 
V-2-Q) 

1) Replace damaged distributor cap* 

2) Replace rotor if it is badly burned* worn, or 
has a weak contact spring, 

3) Breaker points should be filed smooth if pitted; 
replace if pitted badly, and 
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4) Set breaker point gap as recopie'nded, grease the 
cam* and oil th*> felt pad. (Transparency V-2-R) 

e. Spark plug wires should be checked periodically. 

!) act for mechanical ^eaV and defective 

^asulation. 

2) A manual method of testing plug wirer. is to 

remove the wire from the plug and hold it k inch 
away from the engine. If a spark oc:urs while 
. the engine is turning, the distributer and wires 

should be functioning properly. 

f. Spark plugs should 'last about 250 hours uhtf*r normal 
engine use.^ they should be checked every two or 
three months, eiean and reg&p plugs when heeded. 



11. Kfflhteriance and service of the tractor power train 

a. Clutch service should be done according to the 

operator's manual. Service procedures include the 
following: (Transparency V-2-T) 

1) Checking clutch pedal free travel which should 
be between % and 2% inches. This is the 
distance the pSdal travels from its stationary 
position until 'it meets resistance. Adjustment 
locations are usually found on the throw-out 
rod, adjusting stud oh the housing* and at the 
base of the pedal. 

2) Wet types of clutches should be checked for oil 
level, oil seal copdttionj and oil circulation. 

3) To reduce clutch wear^ always remove the foot 
from the clutch pedal while driving the tractor. 



b. Transmission, differential, and final drive 
maintenance (Transparency V-2-U) 

Lubrication is the major 1 maintenance procedure. 
Gear teeth and bearings must be protected at all 
times with a constant supply of clean lubricant zo 
prevent wear. Maintenance practices are as follows: / 

1) Clean the area where the oil level is and check 
to avoid entry of dirt ihfb gear case. 

2} Drain lubricant fr *a each compartment of the. _ 
gear case. This should be done after ajperibd 
of operation so that warm oil will assure 
complete drainage. 
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3) Replace gear case lubricai t with the proper type 
of oil as recommended in tic operator's tsaftusl; 

A) If the tractor has a gear ca^c filter, change it 
when replacing lubricant. 

5) Check air breathers to make sure they are hot 
clogged. Clean or replace i they are clogged. 

6) Check for leaks and replace seals or gaskets or 
tighten bolts arottnd gaskets. 

2. Servicing and maintaining tractor brakes (Transparency 
V~:-VJ 

a. Adjusting brakes on tractors is usually done by 
shortening the linkage Between the brake and pedal 
or hy ~^!dog the star wheel adjusting screw longer. 
The * e is tightened until there is a certain 
amours of free travel on.tue brake pedal. This free 
travel distance is specified in the operator's 
manual. 

b. Adjusting brakes is a job more easily done if the 
two rear wheels are held above the ground by a hoist 
or jack stands. (Transparency 

c. To check for equalization of the brakes use the 
following steps. 

1) Latch the two brakes together. 

2; Start the engine and start the wheels turning by 
shifting into gear. 

3) Shift back into neutral -and apply pressure to 
the brake pedal. The wheels should brake evenly 
if they are properly adjusted. 

4) 'over the tractor to the ground and check the 
brakes by driving and stopping* 



13. HainUi ihg the hydraulic system 

a. Two major points to remember in servicing 
tvydrai. lies; 

1) Proper operation, aritl 

2) Use of a good grade of clean oil > 

b. Damage to hydraulic systems are caused by: 
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1) Dirty oil, 

2) Use of the wrong type -ii; 
35 Low oil level* 

4) Loose lines, 

5) dogged or dirty filters* 

6) Too much pressure in the system, 



7) Too much heat in the system, aad 

85 Operating the systeti too fast. 

c. Important maintenance practices to use are 
follows: (Transparency V-2-X) 

1) Store new oil in clean iSbJtioft and u\se cle^n 
funnels and containers with fine raesh screen 
when adding fluid to system. 

2) Am connection on the system that vSiilftl allow 

rt or other contact "ants to enter the oil 
>uld be wiped clean; before removing. 

3 Ji. for internal and eafctenial l^fe- The 
bynpuom fnr internal leaks 's sluggish action. 
Extertial ika ^an be east' 7 detected and 
corrected . 

4) Drain and flush system as rec^ft^nded by the 

aerator's oahual - Flu: iin 3 each time the nil 
is changed is usually hot necessary. 

5> After refilling the syrte^ with hew oil, operate 
4 or 5 tfwsa through a compete cycl? before 
bleedirg *ir from the system. 

6) Avbdtf overheating of the oil. This breaks down 
the cSiiSei varnish deposits and reduces 

eiliciency of the umit; To prevent bve^catin^: 

a5 Ke^p oil at proper level in re ervoir, 

b) Keep lines, reservoir, and cooler free from 
dirt and materials that reduce oil flow or 
contaminate the oil, and 

c) Keep relief valves operating property, 
tractor steering maintenance 
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Maintenance of manual steering systems: 
(Trisspa^ihcy V-2^5 

1) Check the gear hex every 6 months or as 
recommended by the operator f s canual* Add oil 
to the proper level* if the steering case Is 
equipped with a grease fitting, add aultipurf.se 
grease. 

2) If there ip a vent plug on top of the housirsgr 
keep it open to relieve pressure caused by foeat; 

3) Adjust gears, vonn shaft end play* ^rid sector 
jhaxt ead play according to the dperatoi's 
nahval. 

4) Lubricate tie rod ends* axle pivots, kingpins, 
and steering knuckles afher *nach 10 hours of 
operation. (Transparency V-2-Z) 

Maintaining power steering systems: 

1) Check oil level and add oil wfcen needed* 

2) Correct leaks around fittimgs, hose clasps, and 
line connections. 

3) Sleed air in the system toy - ith^ir draining <$nd 
refilling or operating tlite ^>ste; several cyc]^ 
free of load. Air in liu^ £#^?es $oot 
iubricatiou. 

4) Drain and refill the power system as recommended 
by the operator's manual. The step^ for 
draining and refilling are as follows: 

a) Cie-a around th* wcrk area on the system. 

b) Remove drain plug r.r disconnect a lovir hose 
and drain fluid. Replace crain plug 1p 
hose, 

c) Replace filter ii one 1r present . 

d) Refill reservoir to full mark in i<pstick 

e) Start engine and turn storing wheel ^vcral 
complete turns. 

Stop engine and add fluid If needed. 

5) Lubricate the lower pedestal bearing, tie rot-' 
ends. axle pivots, stee *ing knuckles^ and kin*- 
p ins every 10 hours of operation. 
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15. Maintaining 2nd servicing tractor tires: 

Maintenance practices that nay prolong the li f £ or s 
tire include the following: 

a. Check tire pressure daiiy to avoid operating the 
tractor with owerinf lated or underihf lated tires. 
(Transparencies V-2-AA, V-2-BB. and V-2-CCJ 

b. /Adjust inflation pressures for special conditio 
Add 5 extra pounds to tto rear furrow wheel vh< 
plowing. 

c. Check front wheel** for correct alignment. 

a. Avoid tire bruises. Wet rubber is easier to bruise 
or cut than dry rubber. 

Operate tractor at slow rate of ppeed on hard- 
surfaced roads if thsy are liquid filled. 

Reserve wheel weights fro* tractor if It is to be 
stored for several weeks. 

Park tractor Jn dr/ clean area to protect tiieS froc 
611, grease, an<f taoistur* which tends tc damage 
tires. 

h# wash tires aftrr spraying or distrfSuftng fertiliser 
if Tirer. coca in contact vtth these cheaicals. 

i. When rep-Uctng tire on rim, do no: sosp or 

grease on the bead; the t materials can cause the 
tire to slip under heavy aravbar pull- 

j # If the tiactor is co fctf fitored for sew Ml «mthf>, 
jack it up to protect tires; storiife* iMder shed 
will protect rubber tires from dLrect ^unli R ht- 

k. Inflate the ti- efi to mxxirrap p-essure ^hen driving, a 
icn£ distance on ttard-^ut S ace zozd*, 

1, Test valv« items j^r^iodic^ily r*!?^*^?..-*-.*???* t!:it 
xie leaking. Rsplflc* ?alve taps if the rubber 
washer insUe the ~ch$ allows w*'«; 

m - Check the tires- fcr Miti, bre^w, and brui.^, Cuts 

and breaks ifiv b- repaired with tin g»m or ti?» 

dough* Iiusidi <aks ean be repairc < "ich a boot or 
vulcani^i p*t I? ™ti ar* repaired i aimed lately 

the cordrfi will Mst longer; L r moisture errors the 
<ot. it '-*nds co rot the ,:ord libera 
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ri. Protect the liquid against freezing in a tire by 

vddihg calcium chloride to the water. Freezing n;,L 
ciusc inside breaks of the tire cord* 

Suggested Student Activities 

tractor maintenance, 

2, Rave students check ott their own farm to see vhich 
maintenance practices have l*en neglected. 



GAUGES TO AID IN OPERATION 

AMPERES GAUGE WATER TEMPERATURE GAUGE 




©It PRESSURE GAUGE TRACTION BOOST ER GAUGE 




TYPES OF AIR GLEANERS 



CLEAN AIR INLET 
CENTER TUBE 

AIR OUTLET TO CAREURJETOR 



AIR CLEANER BODY 

FILTERING ELEMEN"" 
CLAMP 

OIL LEVEL 

OIL CUP 





OIL-BATH TY PE 



SERVICING *Mfc-**TH TYPE AIR CLEaNLR 




SCREEN 



DIRT PARTICLES 

OIL CUP 

OIL 



HEAVY DUTY OIL BATH TYPE AIR CLEANER 
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C F/sN OIL CUP 





> -MOVE FOREIGN 
WATER J AL FROM 
SCREEN 

TRANSPARENCY V-2-C 
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REFILL OIL CUP 
TO OIL LINE 



DRY TYPE AIR 6EEANER 




Hand nut opening 



RUBBER VALVE x 
TYPE BUST REMOVING DUST CUP 

UNLOADER 
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CLEANING THE DRY ELEMENT 




USE AIR TO 
REMOVE DIRT 




WASH ELEMENT 
IK SOAPY WATER 




RINSE ELEMENT 
WITH CLEAN WATE 



TRANSPARENCY V-2-E 



LUBRICATING SYSTcM 





CIRCULATORY SPLASH 



6 SPLASH PAN SUPPLY TU&£ 
? Ci* PUMP 
8. O!^ PAN 



L OIL TROUGH 

2. CAMSHAFT BEARINGS 

3. ROD BEARINGS 

4. MaIN HEARINGS 4 

5. SPLASH TROUGHS 10 OIL STRAINER 

TRANSPARENCY V-2-F 



9 DIPPER 
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FORGE I f .h£> 



1. TAPPET SPAFT 

?:. CAMSHAFT BEARINGS 

3. MAIN OIL GALLERY 

4. PISTON PIN BEARINGS 
«. MAIN BEARINGS 

6. Git PUMP AND FILTER ASSIMBUES 

7. OIL PRESSURE SCREW 
8 VENTILATOR PUMP 



OIL * UMPS AND PRESSURE GAUGE 




BODY 




TX1K1 CD n/^Tv^l 



BODY 



OUTER ROTO! 



DRIVE GEAR 



EXTERNAL PUMP 



ROTOR PUMP 




PRESSURE GAUGE 
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DRAINING OIL FROM FILTER AND CRANKCASE 



I 



outlet 




oil contaminants in 
su spension 

AN Oft PRESSURE VAIVE 




TRANSPARENCY V-2-I 
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COOLING SYSTEMS 




filled with 
low boiling 
point liquid 





Bellows Type Thermostat 




pressure 
relief valve 



Si 



valve spring 



vacuum valve 



overflow pipe 




radiator 




Radiator Oap & Filler Neck 



radiator 




fan 




Suction Type Fan 



Blower Type Fan 



o 
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COO Li ri G SYSTEM 




gauge 



Pressure Tester For 
Radiator & Cap 



radiator cap 



fan puiiey 





.worn fiber 



rule 



crankshaft pulley 



Wood strip 



Straight Edge Used 
to Adjust Belt Tension 



Worn Belt 



cracks 
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HARDENED & CRACKED INFLATED LEAKING 
H OSE HOSE 




NEW HOSE 
INSTALLATION 
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FUEL SYSTEM 



valves 



fuel passage 




bowl 



fuel strainer 



diaphragm 
spring 
diaphragm rod 



fuel valve 



screen 




rocker arm 



FUEL PUMP 




rocker arm 



primer level 




FUEL FILTER 



TRANSPARENCY V-2-fi 
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FUEL SYITEM 

air bleed screws 




IGN IT. tQH S Y STEM 




TRANSPARENCY 



v ' 2 -° 10, 



IGNITION 

SYSTEM 




AMMCTER 



SWITCH 



wntw 



BATTERY_ 

SYSTEM 
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Distributor Cap 



Rotor 
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IGNITION SYSTEM 




SETT INS PLUG SAP 
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POWER ThAIN 




CLUTCH AND CLUTCH LINKAGE 

TRANSPARENCY V-2-T 

f 295 
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DRIVE MECHANISM 



TRANSPARENCY V-2-U 



TRACTOR BRAKES 




BAND EhAKE SHOE BRAKE 



actuating 




DISC BRAKE 



L TRANSPARENCY V-2-V 

ERIC 207 ' 



TRACTOR BRAKES 




REAR WHEELS OFF GROUND 




DISC BRAKES & PEDALS 

TRANSPARENCY Y-2-W 



HYDRAULICS 

control 




METHOD OF RAISING A PLOW BY REMOTE CONTROL 




clean tlnes^s 



clean oil filter. 



spool valve 
velvet Sn adjustment 



proper amount \__ 
and type of 
clean oil 




ELIMINATION OF MAINTENANCE PROBLEMS 



o 
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STEERING SYSTEMS 



V 




Use of Dipstick to Check Oil 
Level Hydraulic System 



Steering Mechanism on Upper 
Pedestal Manual System 
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STEERING SYSTEM 








INFLATION 
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TRACTOR Tl 



FRONT TIRES 


SIZE 


PRESSURE 




• 

film* 


mix. 








All 4.00 sizes' 


20 Lbs. 


44 lbs. 


All 5-00 sizes 


20 lbs. 


36 lbs. 


All 5.50 & 6.00 sizes 


20 lbs. 


32 lbs. 


All 6.50 sizes 


20 lbs. 


28 lbs 


All 7.50 sizes 

• 


20 lbs. 


24 lbs. 


6-ply 

All 5 50 & 6.O0 sizes 


20 IBs. 


48 lbs. 


. All 6.50 sizes j 


20 lbs. 

* * 


44 lbs* 


AH 1.50 sizes ; 


20 lbs. 


16 lbs. 

* • - 



TRACTOR TIRES 





REAR T 


IRES 




TIRE 


5S2E 


PRESSURE 


old 


new 




max. 










. ■■ »- - — - 


Ail y.y 


12 IBs. 


18 IBs. 


JO files 


AH 11.2 


12 IBs. 


16 IBs. 


If sizes 


All 12.4 


12 IBs. 


14 IBs. 


12 sizes 


All 136 


14 IBs. 


14 IBs. 


* 


139 . 


14 IBs. 


14 lbs. 


6ply 








10 sizes 


All 11.2 , 


12 IBs 


26 ibs. 


11 sizes 


All 12.4 


12 IBs 


22 lbs. 


12 sizes 


All IM 


14 IBs. 


20 IBs. 


• 


'139 4 


14 IBs. 


20 IBs. 


13 sizes 


All 14.S) 


14 IBs 


18 IBs. 




155 , 


14 lbs. 


- 18 lbs. 


14 sizes 


All 16.9 


16 IBs. 


16 lbs 


15 sizes 


AH 18.4 


16 IBs. 


16 IBs. 
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INSTRUCTIONAL AREA: Agriculture Mechanics 



INSTRUCTIONAL UNIT V: Tractor Maintenance, Operation, and Safety 
LESSON 3: Tractor Operation 

I. Preparation for Instruction 
A. Student Objectives 

U Terminal: Operate tractor in the proper manner. 
2. Specific: 

a. Start the tractor. 

b. Use clutch to engage transmission. 

c. Properly shift gears, 

d. Drive the tractor. 

g. Review of teaching Materials 

1. Fundamentals of Machine Operation: Tractors. Moline, 
111.: Deere and Company* 1974* 

2 Tract or Operatlw^ndBaily Care . Athens, Ca.: 

American Association for Vocational Instructional 

Materials, 1967. 

C. Special ArrlnieacntI 

If the school does not have a tractor, have a student bring 
one from home or borrow one from a local equipment dealer to 
have students drive. 

II. Presentation of tessbn 
A. Motivation 

Visit dealerships to s^e different types and sizes of 
tractors. 
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Content Outline 

1; Starting the tractor engine = Tractor manufacturers 
have installed different types of safety devices to 
prevent accidental starting of the tractor. Many 
injuries occur each year because a tracto? is started 
accidentally or because careless operators failed to 

take necessary precautions^ Before starting, the 

operator should always remember to: 

a. Read and study the operator's manual, 

b. Make sure everyone is well away from the tractor. 

c. Make sure that the PTO and all other controls are in 
the off or neutral position and that the gear shift 
is in the neutral or park position. 

d. Fully depress the clutch pedal before starting the 
engine. 

e. Before moving the tractor, make sure that every one 
is clear of the tractor^ 

2. Starting gasoline tractor engines includes the following 
steps. 

a. Turn 3te key or ignition switch to the "on" position 
making sure that ail warning lights are working. 

b. Move the throttle to the one-third or one-half speed 
position. 

c. Pull out the choke control. 

d. Engage the starter. 

e. Release the starter after the engine starts and 
slowly push in the choke control to keep the engine 
running smoothly while it warms up. When the engine 
reaches operating temperature, push the choke 
control all the way in. 

3i Starting diesei tractor engines includes the following 
steps; 

a; Turn the key to the "on" position, 

b. Check warning lights and Instruments for proper 
operation* 



c. Open the fuel shut-off control and engage the 
starter* and 
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d. Release the starter switch after the engine starts. 

4. General starting procedures for ail types of engines 
include the following points. 

a. Always check the fuel gauge before starting the 
engine. 

b. Never operate the starter motor for note than 30 
seconds continuously. 

c. Allow the engine t^ reach operating temperature 
before applying any load to the drawbar. 

d. Do not start a tractor engine in an enclosed 
building. 

e. Watch all lights and gauges. 

f. After the tractor engine has started and even though 
the gearshift is in neutral or park, engage the 
clutch slowly. 

5. Stopping tractor engines — Before stopping a tractor 
engine, allow it to idle for a few uinutes to help cool 
down the engine, the following procedures for stopping 
an engine are as follows: 

a. Place the gear shift lever in park (or in neutral 
and lock the brakes), 

b. Disengage all other drives, 

c. Lower implements, 

d. Turn off all electrical switches and the ignition 
switch, 

e. On dlesel engines, turn off the fuel flow with the 
fuel shut-*bff valve, and 

f. Remove the key to prevent accidental starting. 

6. Driving the tractor requires two essential skills. 

a. Operating the clutch —If the tractor is equipped 
with a manual shift or synchronized trahsmis s ion t 
never engage the clutch quickly, this could put a 
tremendous strain on the power train and could cause 
the tractor to tip over backwards. 



Never ride the clutch pedal; that is, do not rest 
your foot on the pedal while the tractor is in 
motion. 
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When Increasing speedy do so siowly. Opening the 
throttle suddenly can cause the tractor to tip over 
backwards and causes strain on the power train; 
Never engage the clutch while the engine is 
operating at high speeds. Doing so can burn or 
score the clutch facing and damage other tractor 
parts. 

Operating the transmission — Today's tractors are 
available with several types of transmissions that 
include the following: 

1) Manual shift ~ Use these procedures. 

a) Depress clutch pedal, shift the range lever 
Into the desired speed range and desired 
gear vithin the range* 

b) Operate the engine at a medium to fast idle 
and slowly release the clutch pedal. 

c) After the clutch is fully released . slowly 
move the throttle to the desired operating 
speed. 

2) Synchronized transmission — Use these 
procedures. 

a) Depress clutch pedal, shift the range lever 
into the desired speed range and desired 
gear within that range. 

b) Operate the engine at a medium to fast idle 
and slowly release the clutch pedal. 

c) After clutch is fully released, slowly move 
the throttle to the desired operating speed. 

3) Hydraulically engaged transmission — Use these 
procedures. 

a) It is not necessary to depress the clutch 
pedal while starting the engine or to shift 
gears while the tractor is in motion. 

b) To start the tractor moving, simply place 
the gearshift lever into low gear while the 

engine is running ilowly. Then move the 

lever, gear by gear to the desired operating 
position and increase the throttle speed. 

c) The inching pedal replaces ^ clutch pedal on 
tractors of this type. This pedal is 
provided for emergency steps and to help in 

* • < ill 
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hitching the tractor to cachinery. Its 
operation is identical to the clutch pedal 
except it does not need to be used to start 
the tractor in motion or to shift gears. 

C Suggested Student Activities 

Have each student demonstrate the proper way to drive n 
tractor from starting the engine through shutting it "off;" 
If possible i secure tractors with different types of 
transmissions for this purpose. 
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INSTRUCTIONAL AREA: Agricultural Mechanics 

IHSTMJCTIOHAL UNIT VI: Small Engines 

LESSON 1: Advanced Troubleshooting and Servicing 

li Preparation for Instruction 

A. Objectives 

1. Tenaihal: Troubleshoot and service a small engine 
properly and safely. 

2. Specific: 

a. List general reasons why laall engines g* vc 
trouble* 

b. Explain the need for regular servicing of sro.ill 
engines. 

c. Accurately diagnose ihd correct engine 
malfunctions. 

B. Review Teaching Material 

\. Service and Repair Instruct iotvff , Milwaukee, Wisconsin: 
Briggi and Stratton Corporation j 1982. 

2. Small Engines, Volume I and II* 4th edition. Athens. 
Georgia: American Association for Vocational 
Instructional Materials, 1^73. 

C. Special Arrangements 

1. Materials Needed 

a. Several small engines 

b. Several itts of recommended tools 

2. Shop or laboratory with suitable table* or benches 
II. Presentation of Lesson 
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Motivation 



1. Deobhstrateto students a snail engine running poorly. 
(Example: The carburetor nay be set too rich. 5 

2. With the engine running, correct the problem. 

3. Point out to students that many engine troubles are 
due to a lack of understanding of how the engine 
operates. 



/ 
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Content Outline 



1. Terns 

a. Troubleshooting — locating and correcting t. v les 
in nail engines 

b. Servicing — to repair or provide maintenance 

c. Syatematic — following a plan or guide 

d. Operator** manual — a book provided by the 
manufacturer and obtained at the time of purchase 
of the small engine for use In operating and 
servicing the engine 

e. Diagnosis — to investigate or analyze the cause 61 
trouble In a ssall engine 

2. Seasons why mil engine! give trouble: 

a. tack of proper service, 

b. Lack of proper operation, 

c. tack of proper iraintenance, and 

d. tack of proper repair. 

3. Regular servicing of email engines 

If one expects to get trouble-free service from a small 

engine, it is generally accepted that one must take 

time to service itregulariy. When this should be done 
varies with thi different manufacturers 9 rccaraenda- 
tions, the ope rs ting conditions, and the type of 
servicing to be performed. 

Cenerel agreement exists with most manufacturers as to 
minimum times of these services, such as: 

s. Before each operation. . . 

1) Check the crankcase oil level in 4 cycle 
engines. 

2) Fill the fuel tank vith clean, fresh regular 
gasoline. * 2 cycle engine snouid hive the 
correct smount of the proper oil thoroughly 
mixed with the gasoline. 

b. Every 25 hours or more often if the engine operates 
in extremely dirty or duity conditions 



15 Service carburetor air cleaner* and 



2) Change tfee erankcase oil in i cycle engines. 

c. Perform an annual cleaning and general inspection 
of the engine* 

One way to save time and trouble in servicing and 
operating an engine is to save and use the operator's 
manual that coses with the engine. It contains 
important information that one must have when doing 
naoy of the servicing jobs. 

4. Troubleshooting Engine Malfunctions 

Host complaints concerning engine operation can be 
classified as one or a combination of the following: 



a. 


Will hot start i 


b. 


Hard starting. 


c. 


Kicks back when starting. 


d. 


Lacks power, 


e. 


Vibration* 


f. 


Erratic operating* 


g. 


Overheating, and 


h. 


High oil consumption. 



When the cause of malfunction is not readily apparent, 
perform a chick ot the compression, ignition, and 
carburet ion systems. This check-up, performed in a 
systematic manner, can usually done in a matter of a 
few minutes. It is the quickest and surest method of 
determining the cause of failure. It may alio point up 
possible causes of future failure! that can be 
corrected at this time. 

REVIEW: Check-up, A Guide to Troubleshooting 
C. Suggested Student Activity 

1. Troubleshoot a smell engine. 

2. Service a small engine. 
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CHECK-UP, A GUIDE TO TROUBLESHOOTING* 



Check CompressioB -~ Spin flywheel, is reverse rotation (counterclockwise) to cbtair 
accurate compression check. The flywheel should rebound sharply, indicating 
satisfactory compression. If compression is poor, look for: 

loose spark plug 

loose cylinder head bolts 

blown head gasket 

burnt valves and/or seats 



— insufficient tappet clearance 
— - warped cylinder head 

worn bore and /or rings 

— broken connecting rod 



Check Ignition — Remove the spark plug; Spin the flywheel rapidly with one end of 
the ignition cable clipped to the 19051 tester and with the other end of the tester 
grounded on the cylinder head- If the spark jumps the .166** tester gap, you may 

assume the ignition system is functioning satisfactorily. Try a new spark plug. 

NOTE: Flywheel must rotate at least 350 RPM with Magnetron Ignition. If spark does 
not occur, look for: 

— shorted ground wire when so equipped 
— - shorted stop switch when so equipped 



— incorrect armature air gap 
— - worn bearings and/or shaft 

flywheel side 

sheared flywheel key 

incorrect breaker point gap 

dirty or burned points 

— breaker plunger stuck or worn 



condenser failure 
armature failure 

improperly operating interlock system 
detective magnetron module 



NOTE: If engine ruttB but misses daring operation, a quick check to determine if 
ignition is or is not at fault can be made by inserting the 19051 tester between 
ignition cable and the spark plug; A spark miss will be readily apparent. While 
conducting this test on a Magna-matic equipped engine, Models 9 - 9 14* 19^ and 23 * set 
the tester gap at .060". 

Check Carburetlon — Before making a earburetion check, be sure the fuel iamb has an 

ample supply of fresli, clean gasoline (one half rank on vacu-jet engines) . On 

gravity feed (flo-jet) models, see that the shut-off valve is open and fuel flows 
freely through the fuel liru,s. On all models, inspect and adjust the needle valves. 
Check to see that the choke closes completely. If engine will not start, remove and 
inspect the spark plug. If it is wet. look for: 



over choking 

excessively rich fuel mixture 

If plug is dry» look for: 

leaking carburetor mounting 

gaskets 
— - inlet valve stuck shut 

(flo-jet carburetor) 



~- water irifuel 

— - inlet valve stuck open (fib-jet) 



—~ gummy or dirty screen or check valve fpuJsa- 

jet and vacu-jet carburetors) 
• — inoperative pump (pulsa-jet) 



A simple check to determine if the fuel is getting to the combustion chamber through 
the carburetor is to remove the spark plug and pour a small quantity of gnsolinc 
through the spark plug hole. If the engine fires a few times and then quits, look 
for the same condition as for a dry plug* 



♦Adapted from Briggs and Stratton* page 6-7 
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1KSTRUCTI0SAL AREA: a-Hcultural Mechanics 

INSTRUCTIONAL UNIT VI: Small Engines 

LESSON 2: Repair and Overhaul Procedures 

I; Preparation for Instruction 
A. Objectives 

1. terminal: Repair and overhaul a small engine properly 
and safely. 

2. Specific: 

a. List advantages for repairing and overhauling a 
ill engine. 



b. Demonstrate principles and procedures of good 
workmanship. 

c. Follow a systematic method of repairing and 
overhauling a small engine. 

B. Review Teaching Material 

1. Service sftd Repair Instructions . Milwaukee, Wisconsin: 

Sriggs and Strattoh Corporation* 1982. 

2. Small Engines, Volume I and H i 4th edition. Athens, 

Georgia: American Association for Vocational 
Instructional Materials, 1979, 

0, Special Arrangements 

1. Materials Needed 

a. Several small engines in need of repair 

b. Several seta of recommended tools 

c. Several copies of repair and overhaul procedures 

2. Shop or laboratory with suitable tables or benches 
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Presentation of Lesson 
A. Motivation 

1. Demonstrate to student e the proper procedure for: 

a. Inspecting and checking the cylinder bore of a 
null engine 

b. Resizing cylinder bore to the next oversize 

c. Re facing valves and seats 

d. Checking and adjusting valve tappet clearance 

2. Point out conditions that nay cause future trouble if 
not adjusted or repaired. 

3. Show students how to use the parts manual. 
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Content Outline 



feras 

a. Repair — To replace worn or defective parts. 

b. Overhaul — To examine thoroughly for repair. 

c. Short Block Assembly — A factory-built 
cylinder-block assembly which includes the 
crankcase, piston, piston rings* connecting rod, 
valves, cylinder, and camshaft. It corses ready for 
one to add the remaining parts, such as the 
magnetos cylinder head, carburetor * and starter. 
The cost is approximately one half that of a new 
engines completely assembled, and is approximately 
twice the cost of a new crankshaft. 

d. inspect — Visual inspection, looking for signs of 
wear, scoring, cracks, stripped threads, etc. 

e. Check — Measure by means of plug gauges* feeler 
gauges, micrometer , scale, etc. 

f. Test — Analyze with proper testing equipment. 



g Replace — This usually means to take off the old 
part and reassemble it or replace with a new one. 



2. Advantages of repairing and overhauling a small engine: 

a. Personal satisfaction in the understanding of 
parts* function, and operating principles of the 
•mall engine 

b. Knowledge of the procedures to follow in repairing 
and overhauling small engines 

c. Savings of time and money by Judging whether 
various assembles can be icoooBicaily repaired or 
whether they should be replaced 

3. Principles and procedures of good workmanship: 

Any job is best done by using a systematic approach. 

a. Obtain the various operator's^ repair, or service, 
and parts manual.. Study these to learh as much a 
possible relative to the engine being repaired. 

b. Arrange for a clean work area to ensure a longer- 
tasting repair job. Dirt and grit left on engine 
parts when reassembled cause wear. 
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c. Use a table or bench to do the work; It is oore 
comfortable and helps to keep tools and parts clean 
and organized. 

d. Provide plenty of light above the work area, 

e. Use an engine stand to hold the engine while it is 
being repaired. 

f. Lay out the proper tools, materials, and equipment 
before starting the job. 

g. Clean the engine before attempting to repair it. 

h. Locate and record the m^ers of the engine model, 
aerial, and type. 

1. Use a recommended procedure for disassembling the 
engine, being careful to lay the parts out in order 
of their removal. This helps in the systematic 
evaluation of the various engine components. 

j. Use the parts manual to look up part numbers and 
cost of the various parts needed. 

k. Determine if the engine should be repaired or a 
short -block assembly purchased. 

1. Order parti or a short-block assembly as soon as 
possible. Compare new parti with old parts to 
ensure that they will work properly. 

m. Make necessary engine repiiri. 

n. Reassemble engine iccordlng to specification. 



The overhaul procedure: 

The overhaul procedure which follows is intended to 

help coe become accustomed to a systematic method of 

repairing Briggs arid Stratton engines. Naturally these 
tteps could be rearranged in different order, but 
efficiency ii obtained when the repair operations are 
performed in the same sequence every ti«e. the exact 
procedure will vary according to the engine model being 
repaired. 

the overhaul procedure can also be used as an index. 
For information on how to perform most operation! 
listed, refer to the page number or operation. Be 
careful to locate the instructions covering the 
specific model being repaired. 
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Note that some items do no apply to tne engirie abide! 
being disassembled. 

Record the results of your observations in the space 
provided on the work sheet- If an item is to be 
replaced, place an "X* in the box. When the 
disassembly section has been completed, use the parts 
manual to find the reference and parts numbers as well 
as the cost. Total the cost on the second sheet and 
use It to estimate the feasibility of repair. 

REVIEW: Repair and Overhaul Procedure Laboratory 
Worksheet 

Suggested Student Activities 

1. Overhaul a small engine. 

2; Repair specific small engine assemblies. 
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INSTRUCTIONAL A1EA: Agricultural Keefeanics 
INSTRUCTIONAL ti'IT VII: Farm Structures arsd Facilities 



I E5SCN 1: Farm Buildings 

I. Preparation for Instruction 

A. Objectives 

Terminal: Identify types of farm buildings arid demonstrate 
basic construction procedures, 

5. Specific: 

1. Identify and describe the basic types of farm 
buildings* 

2. Discuss the importance of properly constructed farm 
structures. 

3. Describe the foundation used in construction ci farm 
structures. 

4. Demonstrate construction procedures for vails and 
foundation. 

5. Discuss the types of floors to be used in farm 
structures. 

6. Determine types of doors to use on farm buildings. 

7. Demonstrate the procedure for installing and hanging a 
walk-through door. 

8. Identify the various types of roofing material for fnrm 
buildings. 

9. Demonstrate application of various roofing materials. 

B. Review of Teaching Material 

1. Utili ty! Buildings-^ Designs » Materials, Plans . Athens, 

Georgia: AAVIM, 1974. 

2. Feirer» J. 1. and G. R. Hutchings. Carpentry arid 

Building Construction . Peoria j Illinois: Charles 
A. Bennett Co., Inc., 1981. 
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C. Special Arrangement s 



1. Contact local lumber companies for a field trip to 
examine various building materials. 



2. Obtain all materials needed for construction of a small 
utility building. 
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D. Materials Required 

1. Secure all available hand atid power tools necessary for 
construction of a small utility building. 

2. Obtain lumber roofing, siding, doors, and fasteners for 
the builditig to be built by students in suggested 
studetit activities. 

II. Presentation 

A. Motivation 



1. Illustrate to the students the difference in cost 
between being able to construct buildings oneself and 
hiring someone to construct them. 

2. Show the students some nice structured or projects that 
have been built. JDiscuss with them how they can build 
similar structures with their knowledge of some basic 
building procedures. 
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B. Content Outline 



a. 



b. 



s of farm buildings 

As to use 

1 ) Barns 

2) Machinery and equipment sheds 

3) Poultry houses 

A) Livestock stalls and sheds 

5) Pump houses and veil sheds 

6) Farm homes 

As to structure (transparency VII-l-A) 

1) Shed-roof (iean-tb) 

2) Gable-roof 
35 Cambrel-roof 

4) Half-arch 

5) Full-arch 

>rtance of properly constructed buildings: 

Ensure proper joint construction for strength in 
structural members to avoid sagging* leaning* and 
sway-back structures. 

Foundations are essentia I for elimination of 
unnecessary shifting of structural members. 

Proper grade of lumber or structural material 
prevents early breakdown of farm structures. 

ida t ions and walls 

Types of foundations 

1) Pole type = In this type of construction^the 
end of the poleand concrete casement form the 
foundation. Poles are usually set four to six 
feet deep. In soft soils* an eight inch 
footing of concrete is poured into the hole 
first to prevent sinking. A hole 20 inches in 
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diameter is sufficient to provide space for the 
pole and concrete casement. (Transparency 
VII-l-B) 

2) Light^bbd-framie construction This type of 
construction uses a cbhtinudus-pou red concrete 
in concrete-block foundation. This will carry 
the weight of the building. Normally - 9 footings 
are twice as wide as the thickness of the 
foundation wall, there footings should be 
poured to a point below the frost line in the 
soil to prevent movement of the building* It 
is necessary to anchor the buildifflg to the 
foundation by/ fastening ttw sill to the 
foundation with anchor bolts placed in the 
concrete before it has dried, . The wall 
framing (studs) is thfen toe-nailed to the sill 
using 10 or 12 penny italic, these studs are 
usually put on 16 inch centers, (transparency 
VII-l^C) 

3) Pbst-ahd-pier cbristruction — This construction 
Involves pouring a concrete footing and pier. 
The post is attached to the pier with a steel 
tJ-strap. (Transparency VII-l-D) 

4) Masonry wails — This construction practice 
involves using concrete blocks to construct the 
entire wail. With this method* the top plate 
is anchored to the wall with bolts lon/g enough 
to reach through the plate and two courses of 
blocks. These must be embedded in concrete. 
(Transparency VII-l-E) 

5) Steel frame ~ Steel framing is used primarily 

as packaged metal buildings* Many farm 

structures are now being constructed by metal 
building contractors. 

b. Protection measures 

1) Any wood produces touching the ground or used 
in moist conditions should be pressure treated 
to resist decay. 

2) For wood frame construction* wooden members 
should be at least 18 inches from the ground, 
this keeps wood dry and enables one to see 
termite tunnels. 

4. Application techniques for studded wall construction 
following the pouring of the foundation: 
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Lay the 2x4* s that will be used for the top and 
bottom plates in position on the exterior vails, 
one beside the other, (Transparency VII-l-F) 



b. Attach the sole plate to the foundation. 

c. Mark stud placement on 24-irich or 16-ihch centers. 

d. Remove the top plate and place it 8 f from the sole 
plate on the foundation or subfloor. 

e. Face the marks toward the sole plate and nail the 
sttid to the top plate by driving two 16d nails 
through the top plate, (transparency VII-i-G) 

f. Push loose ends of assembled wall against the sole 
plate. 

g. Brace and toenail studs to the bottom or the sole 
plate with 8d nails, two to each side of the stud. 

h. Plumb all walls using a level and then brace the 
wail to maintain the plumb. 

i. Nail ajix4 on the top plate overlapping joints at 
the corners to tie the walls together. 
(Transparencies Vil-i«4t and I) 

Floors in Farm Structures 

a. Types 

1) Crushed rock 

2) Concrete 

3) Wooden 

b. Selection 

1) Crushed rock holds dirt and grease and makes it 
hard to roil or move equipment. It also is 
unsuited for shops or livestock facilities. 

2) Concrete is easy to clean and is an excellent 
base for equipment and tools. It is^sually 
less costly tbs/n wood floors and is excellent 
fox livestock*. However, a person can tire 
easily while working on a concrete floor. It 
should slope 1/8 in^h per foot toward an access 

door. A 6-lnch floor is recomwsidfcd for 

machinery tise. Other uses require a 4~inch 
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floor. Put down gravel fill before pouring the 
concrete to prevent cracking and keep the floor 
dry* (Transparencies VII-l-J and RJ 

3) Wood floors ~ Wood floors would be restricted 
to human use or in buildings such as pump 
houses and well shedsi They are not well 
suited for livestock or equipment. 



c. Construction procedure ~ this will be given for 
wooden floors since concrete floors simply require 
form construct ion and pouring. 

1) After the foundation and footing have been 
laid* place the sill (2x6) on the foundation 
and attach with 1/2" ahchbrbblts spaced six 
feet to eight feet apart. Insulation material 
and a metal termite shield may be placed 
between the sill and the foundation. 
(Transparency VII-l-t) 

2) A post and girder must be constructed to 
provide support for the floor joists. These 
girders must be flush with the sill plat* to 
act as a bearing for the joist. (Transparency 
VII-l-M) 

3) On the iiU, lay out the desired floor joist 
spacing. These should be I6-inches on center, 
(Transparency VII-i-N) 

4) Allow for the thickness of the joist material 
for header Joist to be placed flush with the 
outside edge of the sill. 

5) When two joists overlap a girder, allow a four- 
to six-inch overlap and nail the two joists 
together at the point of overlap. 
(Transparency VII-l-M) 

6) Bridging is then installed to stiffen fl&bi 
frames and assist an overloaded joist. This is 
placed between the joists. There isdiagonal 
and solid bridging. (Transparency VI I- 1-0) 

7) Completed structure with flooring applied 
(Transparencies 7II-1-P and Q) 

6i Doors (Transparency VII-l-R) 

a. Types ^ 
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1) Sliding doors — these doors slide on a metal 
track and can be made to fit an opening of 
size. 

2) Over-head doors These doors are cofi^only 
used for garages. They only fit certain 
openings, however, measuring 8, 9, 10, 15, or 
16 teetAh vidth. They are usually ? feet 
high. They become difficult to handle if 
larger than 10x16 feet. 

3) Walk- through door These doors are the type 
that people encounter everyday when entering or 
leaving houses or businesses. They come in 
various sizes ranging from 24 " to 36" wide^ 
Doors are purchased as exterior or interior 
doors. Exterior doors are for exposure to 
weather, while interior doors are used inside 
buildings* Most of these doors are six feet 
eight inches tall. Interior doors are 1 3/8- 
inches thick while molt exterior doors are 1 
3/4-inches thick. 

Installation procedure (Transparency VII-l-S) 

I J Before installing a door frame, prepare the 
rough opening in the stud wall to receive the 
frame. The rough opening should be three 
inches higher and 2%-ihches wider than the size 
of the door. Place cripple studs between the 
header and top plate to ensure proper wall 
support over the door frame. (Transparency 
Vli-i-S) 

2) Set the doorf raoe in the rough opening, 
interior doorframes are made up of two side 
jambs, a head jamb, and stop moldings that the 
door closes against, The Jamb widths are 
usually 4%-inches or 5k- inches. Many door- 
frames now are prefabricated; however, one may 
build a doorframe easily. 

3) Once the doorframe is in place, plumb the frame 
jamb placing shingle wedges between the side 
Jamb and the stud. The hinge jamb is usually 
plumbed vithfour or five set s_qf wedges for 
the height of the frame. Two 8d finishing 
nails are driven at each wedged area. Make 
sure the frame is plumb and level in the riugU 
opening. If it is not, the door will not hang 
properly, (transparency VII-l-TJ 

4) Door trim or casing is nailed to both the jamb 
and the framing studs or header. Allow 3/16 
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inch edge distance from the face of the jamb. 
Use 6d or 7d finishing or casing nails on the 
thick part of the trim and 4d nails on the thin 
part,. Most trim is 2%-ihch to 3*j-irich in 
width. Casing With molded trim must have 
mitered corners. (Transparency VI1-1-UJ 

5) To hang the door on the frame* fit the door 
into the frame with clearances of i/8" mt_'ihm 
top and door knob side, 1/16" on the hinge 
side* and h" at the bottom. Two 3^-inch by 3*5- 
Inch loose-pin butt hinges are used to hang the 
door, the top hinge is placed seven inches 
from the top of the door and the bottom hinge 
is placed 11 inches from the bottom of the 
door. Exterior doors usually have three 
hinges. Use a V chisel to remove wood to 
allow the hinges to be recessed in the door and 
into the frame. (Transparency VII-l-V) 

6) Installation of hardware such as doorknobs is 
explained oh the packaging of these items. 

7. Roofing 

a. Types of materials (Transparency V1I-1-W) 

1) Asbestos-cement sheets — this is made of 
asbestos fiber and port land cement . they come 
in shingles and corrugated sheets and must be 
handled carefully when installing, they are 
fire resistant and heat reflective. 

2) Galvanized steel — This roofing comes in 
sheets of varying thicknesses depending upon 
the gage of the metal. Twenty-eight gage or 
heavier is recouaended for farm buildings. It 
comes in widths up to four feet and lengths up 
to 24 feet. The amount of galvanizing (two 
inch costing) on the surface of the roofing 
determines how long it will be before rust 
begins to appear. It is preferable to get a 
coating of two ounces or more per square foot, 
this will be stamped on the roofing, 
(transparency VIl-l-X^ B« especially careful 
when selecting metal roofing in order to get 
proper provision for overlapping joints to 
prevent leaking. Some now have covered drain 
channels ahead of nailing ridge to prevent 
leaking. Aluminum roofing is also available 
and provides for long life and neat appearance. 



3) Asphalt shingles and rail roofing — This type 
of roofing is laid so that shingles overlap and 
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cover each other to sh«<! water* These shingles 
are sold by the "square" which will cover about 
100 square feet of roofing area. These are 
most commonly used on farm dwellings. Roll 
roofing is aadt of the same material but is 
more cdmerclal; however, it is less 
attractive. 

4) Selvage-edge roll roofing —Roofing of this 
type is coated with asphalt and mineral 
granules. It is installed by rolling the 
roofing across the length of the roof . _ Each 
successive run should overlap the previous run 
by about one-half the width of the roofing. 
This will ensure two-ply coverage which gives 
more durability and wind resistance^ Be sure 
to get the type used with cold cement (mastic). 

b. Selection factors 
1) tife exp^etahcy 



2) Fire resistance 

3) Hail resistance 

4) Resistance to heat from sun 

5) »ind resistance 

6) Maintenance 

7) Minimum roof slope for application 

c. Installation procedure for metal roofing: 

1) Apply purlins or nailing strips to rafter 
framing. These should be spaced 16 inches to 
32 inches apart. (Transparency VII-l-Y) 

2) Cat sheet to length indhail through the tops 
of the ribs using 1 3M" screwshank nails with 
neoprene washers to prevent leaks. 

3) The eave should have about a 2*pinch overhang. 

d . installation procedure for squar e-irut t _ it tip 
shingles (3 tabs) (transparency VII-1-2) 

1) Apply underLaysent (15 lb. asphalt saturated 
felt) tc she roof decking (sheathing) by 
starting at the eave line and rolling it across 
the roof . There should be a top lap of at 
least two inches and a four inch sidelap /»t all 



end joints* This should cover the entire rbofi 
Use roofing nails or special nails made for 
felt to attach it to the roof decking until 
shingles can be applied. 

2) Attach natal drip strip around edges of the 
roof over the felt. 

3) Begin Starter course of shingles with inverted 
shingles. Then apply next course on top of 
starter course. (Transparency VII-l-AA) 



4) Apply courses so that each shingle is breaking 
Joints om halves. This is shown in 
Transparency VII-l-AA. 

5) Use galvanized roofing hails to apply shingles 
so that five inches of the course below the one 
being applied are showing, (transparencies 
VII-i-AA and BB) the four nails are placed 
5/8-inch above the top of the cutouts in the 
shingles and located horizontally with one nail 
one- inch from rach end and one nail on the 
center line of each cutout, (transparency 
VII-l-Z) A ch>iik-itne can be laid to keep the 
application of each covrse straight, this line 
would be five inches above the top of the 
course below. 



6) Apply the ridge shingles by cutting each tab 
from t2» shingles. Bend each tab or shingle 
lengthwise down the center with ail equal aaount 
of shingle on each side of the ridge. Again* 
use a fiver inch exposure. Each hail is secured 
5h- inches from the exposed end. 

Student Activities 

The students can construct a small utility building 
(8 f xl2 f ) u«lng the procedures discussed in the lesson. It 
is suggested that students work in groups of four, but the 
mmber it left to the discretion of the teacher. 
Afterward* these buildings can be sold. 
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TYPES OF FARfl BUILDINGS 
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TRANSPARENCY VH-l-A 
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POLE-TYPE FOUNDATION 




TRANSPARENCY VII-l-B 




SUBFLOOR 



POST-AND-PIER CONSTRUCTION FOUNDATION 




CONCRETE 

WES 



POST OR 

I POLE 



STffl 
U-STBAE 




CONCRETE 
l^©TING 



TRAflSPARENCY Vli-L-D 
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TRANSPARENCY VII-l-E 




245 



HARKING STUD LOCATION 




WALL ASSEMBLY AND PLAGBIHT 




ATTACHMENT OF DOUBLE TOP PLATE 
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TRANSPARENCY Vil-l-H _ 
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ATWBHEHT OF DOUBLE TOP PLATE 




TRANSPARENCY VH-l-I 
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CONCRETE FLOORING 




LUfXKLI t t-LUUKMb 





TRANSPARENCY VII-l-K 
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ATTACHMENT OF SILL TD FOUNDATION 




TRANSPARENCY VII-l-L 



POST m GIRDER CONDUCTIONS 





JOIST LAYOUT ON SILLS 




JOIST BRIDGING 



JOIST 
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TRANSPARENCY VI I -1-0 



253 



ISOMETRIC VIEW OF COMPLETED FLOORING 




COMPLETED FLOORING 



Joists 
3$ 




Girde 



Bridginc 



Plywood 
Board 



3a Larked 

b Butt-Joined 

c Full Length Joists 
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DOOR TYPES 




ROUGH DOOR OPEHING WITH J/IMB INSTALLED 
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TKAtfSPARENCY VU-l-S t§£ 



PLACEMENT OF DOOR FRAME 





TRANSPARENCY VI I-l-T 



VIEW OF WPP FP*"! P !G 




DOOR CLEARANCES 




TYPES DP ROOFING Wf RIALS 
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flETAL ROOFIHG TO PREVENT LF,AK$ 




TP/HSPAPESCY VH-l-X 



INSTALLATION OF METAL ROOF I KG 





TPANSPAPEKCY VI 1-3 -Y 
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APPLICATION OF UNDERLAYKENT WD SHINGLES 
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TRANSPARENCY VII-l-Z 
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ATTACHMENT OF SHINGLES 




AS 
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TRANSPARENCY VII-l-AA 
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PLACEMENT OF SHINGLE NAILS 




GUTTER IS USED 



TRANSPARENCY YII-l-BB 
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INSTRUCTIONAL AREA: Agricultural Mechanics 
INSTRUCTIONAL UNIT VII: Fara Structures and Facilities 



LESSON 2: Fans Fencing 

I. Preparation for Instruction 

ir* 

A* Objectives + 

1. Terminal: Plan. Identify, and construct f ana fences* 

2. Specific: 

s. Discuss the por^cee s>f farm fencing. 

b« Select type of fencing materials to use, 

c. Select types and sizes of corner and line posts. 

d. identify and select fencing fasteners. 

e. Determine type of passageway to construct In 
fencing* 

f. Construct a barbed Wire fence* 
g # Construct a welded wire fence. 

h. Conatruct a board fence. 

i. Construct a gate* 

J. Construct an electric fence. 

B. Review of Teaching Material 

L Building Fences. Athens, Georgia: AAV1M, 1974. 
2. Planning Fences . Athens. Georgia: AAVIM, 1980. 

C. Materials 

U Woven vlre, barbed wire, treated posts and lumber, 
and steel posts 

2. Fencing staples and nails 
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3* Post-hole diggers 



5. Electric fence controller 
5. Electric fence Insulator* 
Presentation of Lesson 

A, Motivation 

1. Shqv pictures and Illustrations of poor fencing at»3 
discuss the inconvenience, time lost § and money vested 
In unnecessary repairs and chasing liv€§tvOck that have 
broken through poor fences. 

2. Alloy students to tell experiences caused by poor 
fencing Practices. 
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Content Outline 



1. Purposes of fata fencing: 

a. Establish boundary Hues 

b. Control animal diseases 

c. Crop and grazing rotation 

d. Farm appeerarce enhancement 

e. Livestock and breeding control 

f. Maintain relationship with neighbors 

g. Prevent straying of livestock 

2. Types of fencing material: 

a. Barbed wire — This fencing is made of two or more 
strands cf smooth steel vire twisted together with 
two or four barbs every five inches. For a 
permanent fence five to six posts are required 
every 100 feet* (Transparency VII-2-AJ 

b* Woven wire — This is made of number of 

horizontal wires separated by brands (of vertical 

wired called stags. The spacing between the 

horizontal wires may vary from lh Inches at the 
bottom to nine Inches at the top. This type of 
fencing is market*, in light, medium, heavy, and 
extra heavy weights. Heavy weight fencing costs 25 
to 50 ?^rc^xit more than lightweight. (Transparency 

c. Board feace — This fencing is usually made of 
strips of lumber four to six inches wide hailed on 
posts spaced eight to 10 feet apart. These are 
expensive to build and maintain. 

d. Mesh wire — This is strong and safe for 

conf inerrrnt of a variety of animais. There is a 

diamonJ-mesh and square-knot mesh wire, the joints 
are stiff and are h^ird to cliafc. (Transparency 
VI7-2-C) 

e. Electric fence — The purpose of this fecic is to 
shock a*- animal that touches the fence so that it 
will st av*y from it. It Say be a one or two 
strand *nc*» or one strand added to a permanent 

bathed >ire or woven fence. The strand is 

connect* *x> an electric fence controller.. This is 
economical to construct. (Transparency VI1-2-D) 
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3. Selection for ule: 

a. Cattle 

1$ Four or five strand barbed vlte 
2) Mesh or board fence 

b. Hogs 

Woven wire with one or more strands of barbed wire 

c. Sheep atid goats 

Light and medium-weight woven wire 

d. Horaes 

1) Woven wire 

2) Mesh wire or board fencing 



3) Do not use barbed wire. 
4. Selection of anchor posts and line posts: 

a. Anchor posts 

1) Rosemont design — Horizontal brace design with 
two to three span construct ton. The brace 
vires pull over two spans "'Cad of one. 
(Transparency VII-2-E) 

2) Gross-brace • double-span assembly — Thias is a 
heavy duty design that attaches to a. center 
post. 

3) Steel diagonal-brace ends — this is 
constructed by setting the corner post and the 
diagonal braces In concrete. 

i) Braced-line-poit assembly-— This in-line 
bracing is placed every 200 meters in extra 
long fencing. This wire provides a pull point 
for stretching hew fence. (Transparency 
VIX-2-FJ 

b. Line posts 

L) Selection factors 

s) f^pe #f fencing material 



a? long <*b& wants the fence to last 
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c) CoBt to set pOStS 



d) Kinds of posts available — treated wood, 
concrete* steel, fiberglass 

e) Height of fence 

f ) Lightening protection 

c. Installation: 

Lay out fence line by settirtf; a stske (6 f 5 at 
each end of the proposed fence line. 
(Transparency VII-2-G) 

Have someone proceed about 100 feet toward one 
end with another stake while another person 
aligns that stake with the stake at the other 
end. Then set stake. 

Continue this every 100 feet until complete 
fence line is staked* 

Set anchor-aud-brac** assemblies — The assembly 
should be set to a depth of at least three feet 
six inches, (Transparency VII-2"ti) 

Install line posts by stretching cord, wire, 
etc* between two anchor post assemblies as a 
guide line. Space posts 16 feet apart for 
woven wire* 12 to 14 feet for bsrbed-vire 
fences* and five to eight feet for board 
fences* Line-post depth will depend on the 
type of post used. 

Fencing fasteners (transparency VII~2~I) 

a. Qualities to consider: 

1) Coating — eitvanized^re fasteners are mc^t 
coroonly used in all fencing because they last 
a long time. 

2) Holding capacity — For woven and barbed wire * 
a choice Is made between U-shaped fence staples 
or_L-StLJped staples. These vary in length and 
holding capacity. The staple should be able ro 
last as long as the post lasts* 

b. Types 

1) U-shaped and L-shaped staples 

2) Wire clip for use with steel posts 



1) 

25 

3) 
4) 

5) 
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3) Nails for use In board fences — plain shank* 
fluted, helically Hreadedj animlarly threaded 



6. Passageway in fences; 

a. Gates (Transparency Vi-2-3) 



1) Most gates are 52 to 54 inches high and are 
usually 14 to 16 fecr wide depending die 
machinery width and use. 

2) Gates can be wooden or tuetal (aluminua). 
Aluminum lasts longer but is less durable end 
note expensive that! some wooden gate*;. 

3) It is important to construct the v^ate so it 
will not sag siid to mount all gates to a strong 
anchor-and-brace assembly. 

) types of gates are doubJ^-bracei wood gat e- 
*teel bracing* vire-steel frame , and aluminum 
or steel. 



b; Cattle-guards (Transparency 

1) Most cattle guards consist of a pit two feet 
deep, six to eight feet wide t and 10 to 16 feet 
long. Concrete or heavy planking is used to 
support the pipe or plank grating that is put 
on top to support traffic acruis the guard. 

2) Cattle guards arc not used when horses are 
involved. They can easily ir^ure a leg* 

Constructing barbed wire f etuseR : 

a. After posts have been installed, attach one end cf 
the wire to the end post. Unroll barbed wire to 
the next anchor post. (Transparency VI1-2-L) 

b. Erect duaoy post for attaching wire stretcher. 
This will allow the tightened portion of the fence 
to be attached to the anchor poat so that little 
extra alack is there when stretches are removed* 
(Transparency VZI-2-M) 

c. Attach line to wooden post by setting the staple 
crosswise to the grain to get better holding powfcf . 
But* do_not drive the staple up to the point tlirat 
it crimps or damages the wire. Attach wire *o 
steal posts using wire post clamps and thsn h*tnn»er 
the steel lug, if present* down over the wire. 
(Transparencies VII-2-N, VII-2-0, and VII-2-P) 
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d. Wire spacing* down post vary according to the 
needs of the user. ansparemcy VII-2-Q) 

iu Wire should he Installed oh the inside of the posts 
or on the side that Will receive the cost pressure 
against it. 

Installing woven wire: 

a. Make sure fence roll is lm proper unroll!^ 
position so that the close wesh cad is nest L<us ?dst 
line. {Transparency V1I-2^R) 

b. Attach one end of the wire roll to the post fcy 
removing one stay-vire from top to bottom. Put 
fence the desired height and st*pl* t<* the anchor 
post* Extend the end of each line W5~*r iround post 
and wrap on itself. Unroll the rest bt fence to 
the next post assembly. (transparencies V1I-2-S 
and VII-2-T) 

c. Stretch wire by ejecting a duioy po^t for the sa»e 
reason ai used in stretching fcarbed vire- Attsch 
two fence It ret chairs to the i^my puist and eisep 
bar that is f asteiwed to the fence , Tfhe clamp bar 
should be attached about opposite tl & anchor post. 
Tighten fence. until 1/3 of tension curve on fence 
M recoved. Do hot <?y£t str^tpih. (Transparencies 
V t-2-U, VII-2-V* and Vlt-i-V) 

d. Attach vbven rire to po - 31 by using staples in 
wooden posts or post clangs with steel posts. 

e. Add barbed wire on to- if needed. 
Ihitallxiig electric fencer 

a. Wire for electric fence, is generally smooth. 
However* barbed wire may be used* 

b. Attach wire ic insulator oh end post, Parol 1 wlrr 
aliong the length of th* fence. (Trahlpirency 
VH-2-X) 

c. Attach wire to insulators on line posts by wrapping 
(r r ts around insulator or by using * short length of 
teo. 12 or smaller galvanised vir- Sfetch wire by 
hand to the next insulator. Complete entire fence 
in the fashion. 

d. Electric controllers for the fence should be hooked 
up last. Three sources tsf power for controllers 
a?e 6-^ydlt batteries, 12-volt batteries, or a 
l2C-volt power iupply. Durability and operation of 
electric fence controllers deper^s on: 
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1) Use of approved controller, 



2} Good ground rod at the controller* 



3) Good insulator i 



t 4) Maintaining a cl*an fenc** and 



5) Providing lightening protection. 



10. Installing a board fence 

a. After properly spacing aivd setting the treated 
posts, lay treated boards along the fence line. 
Tlace 16-£6©t board at top of first two spans for 
measure, then Cut to proper length* Nail tn Is 
hoard to all three pests with two nails in each 
post. (Transparency VI1-2-YJ 

hi Measure the second bbai'i frbn thte e4ge of the first 
post to the center 5f xbe second r>6st. Ittxir. Keeps 
the joints froai being on the saasu po*X. 
(Transparency VI 1-2-2) 



c. Apply remaining boards tm the same manner, 

d. Spacing 8 between planks may vary depending on use., 
An example of spacing 4« ^een ir Transparency 
VII-2-2. 

Cv Suggested Student Activities 

Set up a designated area around the vocational agriculture 
building in which student* will const tact the different 
types of fencing mentioned in the lesson. Earh fence 
should be 20-30 feet long. The instructor will have to use 



discretion su to length. 
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BARBED WIRE TYPE OF FENCING 





iRANl -ARENCY VII-2-A 
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aOVEN KIRS TYPE OF FENCING 




TRANSPARENCY VI 1-2-6 



flESH WIRE TYPE OF FENCING 




ELECTRIC FENG I If 5 




TRANSPARENCY VII-2-D 

2SQ 
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TRANSPARENCY VH-2-E 



BRACED ~- LIKE - POST ASSEMBLY 




TRANC ' ^.RFJiCY VU-2-F 
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LAYOUT OF FENCE LINE 






TRANSPARENCY VII-2-Ci 



INSTALLING HOOD LIME POSTS 



GUIDE LINE 




Stretch cord or barbed 
wire between anchor post 
assemblies for a guidelike. 



tsNE POST SP^Ct 



JURE LINE PL ST 
SPACINGS WITH A GAGE 
POLE, 





n 






i 




: i 


GAGE POLE 




\\ 


- i 










fjfcftg GKOUJ5D i.H'L ON 
POST OR DIGGIKu VGOL 
r UTH CHALK OR cr.'AYJN. 



PARK GROUND 

ilkt WITH 
/ Cff.AYON 



YRANSPAPJENCY ViI-2-H 
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FENCW6 FASTEIERS 




SCREW SHANK 




ANNUIARIY THREADED 



fRANSPAREWCY VII-?:- 1 



TYPES OF GATES 







ALUMINUM 03 STEEL 
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TYPES OF CATTLE GUARDS 




USE OF WIRE STRETCHERS 




ATTACHING BARBED WIRE TO POSTS 




SET STAPLE CROSS-WISE OF r .RAIN 




TRANSPARENCY VI I-2-N 
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ATTACHING WIRE TO STEEL POSTS 




ATTACHING SIRE TO STEEL POSTS WITH LUGS OR TABS 
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WIPE SPACING FOF: BAPBE0 VfIRE FENCING 




LAYOUT FOR WOVEN HIRE FENCING 



Fence to be 
attached to this 
side of posts 





TRANSPARENCY VII-2-R 



294 



ATTACHING WOVEN Ml TO POSTS 

V 




Remove Qne Stay Wire from Top to Bottom 




TRANSPARENCY VII-2-S 




TRANSPARENCY VH-2-T 




BRACE 

Erect dummy post for attach ins stretchers 




Stand fence agajkst line posts 



TRANSPARENCY VII-2-U 
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STRETCHING WOVEN WIRE 




Attach chain of stretchers to dummy post. 



ANCHOR POST 




CLAMP BAR 
ATTACHED 
fcT TO FENCE 



It* 



Attach clamp bar to fence, 



TRANSPARENCY VII-2-V 
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STRETCHING WOVEN WIRE 




Attach ratchets to clamp bar. 




gccrjec 

stretching 




stretched 



Stretch 
tension 



UNT Lb ONE-THIRD 
IN THE CURVE IS 



OF THE 
REMOVED i 
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TRANSPARENCY VII-2-X 
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PLACEMENT OF BOARD FENCING 




INSTRUCTIONAL AREA: Agricultural Mechanics 
INSTRUCTIONAL UNIT VII: Farm Structures and Facilities 
LESSON 3: Farm Painting 

I. Preparation for Instruction 

A. Objectives 

1. Terminal: Demonstrate proper painting procedures. 

2. Specific: 

a. Discuss the importance of painting unprotected 
surfaces. 

b. Describe the different types of paints. 

c. Determine the amount of paint needed. 

d. Explain the brush painting process, 

e. Name the items of equipment needed for spray gun 
painting* 

f. Identify the parts of a spray gun. 

g. Discuss two types of spray guns. 

h. Explain how to select spray guns. 

i. Demonstrate uses of the spray gun. 

j. Describe the process of cleaning a spray gun. 

B. Review of Teaching Material 

1. Vakeman, T. J., and V. L. McCoy. The Farm Shop . New 

York: M&cMillan, 1960. 

2. VocatiPTTyi *gyf culture Curriculum . Vocational 

Instructional Services Center* College Station, 
Texas: Texas A and M University* 1978. 
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c. 



Special Arrangements 



1. Arrange for several tractors or equipment items to 
paint as class exercises. 

2. Secure appointment with local equipment dealer or 
automotive body repair shop to observe the spray 
painting process. 

D. Materials required 

1. Paint brushes 

2. Spray paint equipment 

3. Paint 

11. Presentation of Lesson 
A. Motivation 



Discuss the need for protection of farm building and 
equipment by painting. 
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B. Content Outline 



1; Importance of painting unprotected surfaces: 
a. Protection from decay* corrosion, and wear 



b. Maintain value of equipment and property 

c. Reduce maintenance and repair costs 

d. Improve the appearance of buildings and equipment 

2. types of paint: 

a. Enamel — This is used mainly for inside woodwork. 

b. Rubber-base — Paints of this type mix with water 
and have replaced many oil-based paints. 

c. Outside paint — This paint is generally an 
oil-base paint which includes different types of 
pigments and oxides to provide different types of 
protection such as mildew resistance arid rust 
inhibition. 

d. Aluminum -- This type paint is heeded on met dl 
following application of red or blue lead pa?nt. 
It prevents bleed- througtu 

e. Cement — Cement water paints prevent moisture from 
entering masonry vaiis. 

3. Determine amount of paint needed 

a. Most quality paints will coyer 45 square feet of 
surface area per gallon. This varies, depending on 
how thick it is applied and the condition of the 
material being painted. 

b. Calculate total square feet of building or 
structure to be painted. This is done by 
multiplying height byjwidth of surface. Total up 
all calculations for tfitsurfaces and divide by the 
recommended coverage listed on the paint label. 
This number will give the number of gallons of 
paint required. 

4. Steps to painting 

a. Prepare the surface 

1) New surfaces — Smooth the surface and wipe 
clean of ail dirt * grease, etc* Apply a good 
primer on both metal and wood surfaces. 
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2) Old surfaces ~ Remove a§ inuch old paint as 
possible by scraping or sanding. Make all 
repairs oh machinery before painting. On wood 
surfaces, wash clean after scraping using a 
soap and bleach ^olutibn to kill any mildew 
present- 
ly Brush painting 

1) Hold paint brush with the thumb placed over the 
small part of the brush handle and fingers on 
the large part of the brush. 

2) Dip about one-third of the Aength of bristles 
into thft paint. 

3) Remove excess psint from the brush by wiping 
one side against paint bucket. 

I 

4) Apply paint in long sweeping strokes in the 
same direction to form a thin uniform film over 
the surface. 

5. Equipment heeded rot spray painting 

a. Spray gun Suction or pressure type 

b. Air compressor 

c. Paint pressure tank 

d. Air hose of proper strength 

e. Gauge and regulator on air tank to control 
pressure. 

6. Types of Spray Guns 

a. Sonbleeder-type = With this type, air flow Is shut 
off when the trigger is released. Air and paint 
are controlled by the trigger. 

b. Bleeder-type — the air flows constantly through 
this gun. Paint flows through the tip when the 
trigger is squeezed. 

7. Spray Gun Parts (Transparency VTI-3-A) 

a. Air c*p This controls the spray pattern. 

b. Fluid tip — This is -\ nozzle that paint passes 
through to enter into the stream of air. It is 
found back of the air cap. 
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c. Fluid needle — this needle is in the fluid tip and 
permits paint to flow or stops the flow. 

d. Trigger This controls the needle action in ari>f 
but of the fluid tip. 

Fluid-needle adjustment screw —this regulates the 
amount of paint passing through the fluid tip. 

f; Air valve Found on hbhbleeder gutts, this valve 
controls the passage of air by trigger movement. 

g. Spreader valve — This valve controls the air fie** 
to side holes located on the air cap. 

8. Selecting a spray gun 

a. Noribleeder guns are used with a tank in which air 
is regulated to a constant pressure. Bleeder guns 
are used with a cbtitihwous^running compressor. 

b. A pressure-type gun will spray paints heavier than 
light enamels and lacquers* most painting will 
require 30-50 pounds of pressure* 

c. Internal mix nozzles are used with pressure 
equipment arid slow drying paints. 

d. External mix nozzles are operated either by suction 
or pressure. They can be used with heavy or light 
joints. 

9. Use of Spray Gun 

a. Prepare the surface ^ making sure that areas riot to 
be painted are covered i 

b. Use a respirator or mask to prevent sickness or 
injury from excessive fumes. 

c. Mix paint 

1) Adding a thinner to paint prevents running, but 
also reduces the thickness of the paint film on 
the surface of the object. This means 
application of additional coats is essential. 

2) Strain paint through an old pair of pantyhose 
or c o me rciai strainer before spraying. 

d. Adjust gun 

1) Open spreader adjustment valve. 
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PARTS OF A SPRAY SUN 





i 

3 



A. Air cap or air nozzle 

B. Fluid tip 
G. P.uid needle 

D. Trigger 

E. Fluid adjust screw 

F. Air valve 

G. Spreader adjustment valve 

H. Gun body 




suction nozzle 




pressure nozzle 
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S?r\AY Go\ rOb.VlON 




correct distance from surface 




ySE OF SPRAY GUN 



overlap ends 



wtreHap strobes 



< > 



Overlap each parallel stroke 
Overlap end of stroke 




J J 



/1> 



move gun in straight line 
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2) Open fluid needle screw one thread showing. 

3) Check for air leaks and connect hose to cup. 

4) Remove atomizing nozzle * n d pleas trigger until 
paint cones out. 

5) Replace the nozzle arid e^t >he prejsM-re. 

e. Proper distance is six to eight jL^Vi^ts f£o« the 
surface. Appzoftimte the di***ni:* by placing your 
thumb on the nb«le gtretching fingers to the 
surface. (Transparency tflI-3-S) 

f. Hold gun parallel to Surface ft Qd In a vertical 
position. Overlap *t>ould be about 50 percent 

each previous lap on the r^r^e. Pall the trigger 
just after stroke begins a,rcd r « lease Jiict before It 
ends. (Transparency Vti->3-C) 

10. Proper cleaning of spray gun: 

a. Oie good solvent paint thinner v 

4 _ 

b. Clean cvp Mih solvent, fill* *fod blow through the 
gun with compressed air* 

c. Clean nozzle parts in solvent. 

d. Wipe clean and remove «*xee*tJ Solvent. 



Sufcgostfcd Student Activities 

1. For brush pal® ting* secure psrsei^iors _from community 
people tor stisde&ts to patnt she<3«* sisal 1 Mrrts* pump 
houses, etc. 



2. Acquire mall machinery ite»* fr°* farmers or other 
people in the community for sttid* n ts to s^iflt using it 
spray ~p$n* 
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INSTRUCTIONAL AREA: Agricultural Mechanics 
INSTRUCTIONAL UNIT VII: Farm Structures and^ Facilities 
LESSON 4: Farm Water Supply 



I. Preparation for Instruction 
A. Objectives 

1. Terminal: Identify and describe planning and imple- 
mentation procedures necessary for water supply and 
sewage disposal on the farmstead. 

2. Specific: 

a* Discuss the importance of a clean water supply. 

5i Identify the components of a water supply system. 

c. Identify £he sources of water for the farmstead. 

d. Determine the need for water conditioning. 

e. Determine the required pump capacity. 

f. List the types of water pumps available. 

g. Determine the type of pump to use. 

h. Discuss types of water storage systems on the 
farmstead. 

i. Discuss the importance of septic tanks. 

j . Describe the operation and construction of a septic 
tank. 

k. Describe the proper size and placement of septic 
tanks. 



1. Discuss the three purification methods for sewage 
discharge. 
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B. Review of Teaching Material 

Planning for an Individual Water System , Athens , Ga . : 
American Association for Vocational Instructional 
Materials * 1973. 

C. Special Arrangements 

Contact the local dealer handling well pumps.. Arrange a 
date for him to bring some pumps to the class and ?how how 
each type operates. 

B. Materials Required 

1 . Poster board 

2. Colored pencils or pens 
Presentation of Lesson 

A. Motivation 

Discuss the necessity of pure_water that is readily 
available to the farmstead. Illustrate the various ways 
water is important to vegetable gardens, crops, livestock, 
rJtid humans. 



Content Outline 



1. Importance of water supply: 

a. Sanitation in the farm dwelling, 

" b. Saves labor and tine* _ 

c. increases production for all livestock, 

di Increases vegetable production, and 

e. Fulfills hucan needs. 

2. Components of the water supply system: 

a. Water source, 

b. Water pump, 

c. Water storage tank, 

d. Distribution pipe, and 

e. Water-treatment equipment. 

3. Water Sources 

a. Drilled well This type 6f well ip usually S-8 
inches in diameter and has been ^ncased with a 
steel casing to prevent soil from caving in and 
filling the hole. The water supply is usually 
adequate. (Transparency VII-4-A) 

b. Driven well — A driven well is used when the 
water-tablelevel is in a water-bearing sand or 
gravel 25-100 feet below the surface. A _ 2 inch 
pipe is drivehintq the^ ground until it is below 
the thewater level. The ampunt of water for atly 
one well of this type is limited. (Transparency 
VII-A-B) 

c. Dug well — This type well is usually 3-20 feet in 
diameter and less than 50 feet deep. It is deep 
enough to get below the water level. The sides are 
cased with til<u, stone, or brick. (Transparency 
VII-4-C) 

d. Bored well This well is made with an earth 
auger. It is usually 8-14 inches in diameter and 
less than 100 feet deep. Casing is also used in 
the well. (Transparency VJ1-4-DJ 

e. Oistern — This is Bimply a watertight - f under- 
ground reservoir used to store runoff water from 
buildings. (Transparency VTI-A-E) 

4. Determine the need fo^ water conditioning— Water 

supplies may contain minerals, acids, or foreign matter 
that makes the water unsatisfactory for one's needs. 
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a. Hardness — This is probably due to the presence of 
calcium and Baghesiuo. Aluminum and iron also 
contribute to hardness. This, can be controlled by 
installing a Water softener that operates on a 
reverse osmosis process and has an activated-carbon 
filter that removes targe ^articles first. 
Servicing is required every one to three years. 

b. Red water ~ Red water is a symptom of too ouch 

iron in the water. It creates hard-to-remove 

stains ch plumbing fixtures. It can be controlled 
by using phosphate feeders, ion-exchange units, 

an oxidizing filter* brchlbrinatbr and filter 
units, these are installed in the water supply 
line before the water gets to the storage tank to 
prevent the slime and discoloration from getting 
into the system. 

c. Brownish-black water — this is indicative of 
manganese in the water. If manganese particles are 
present* they_ can frequently clog lines. Control 
for this problem is the same as that for 
controlling iron in the water. 

d. Acidity — Acid water tends to be corrosive to 
metal parts. . In addition* if acid is present, it 
will prevent complete removal ot iron. Acidity can 
be corrected by installing a soda-ash feeder or a 
neutralizing tank, the soda-ash solution must be 
replenished every two to three weeks. The 
neutralizing tank uses limestone and should be 
checked annually* 

e. Off flavor — There may * rotten-egg odor or 
taste to water as well as the taste of chlorine or 
iron. It Is hot usually hazardous but can be 
undesirable for drinking or cooking, this cost 
conn connection procedure is installation of a 
carbon-bed filter in the water supply line. 

5. Pump Selection: 

a. Determine capacity of pump 

1) Household uses (Transparency VJI-4-F) 

a) List all home uses jRnd peak demand 

allowance for each in gallons per minute, 
and 

b) total demand for all household uses. < 
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2) irrigation* cleaning* etc, (Transparency 
VI f -4-6) 

a) List ail lawn, garden, and miscellaneous 
uses and the water d^ahd for each, 

b) Determine which uses are competing for 
water at the same time, and 

c) Determine demand allowance for the pumps. 

3) Watering livestock and poultry (Transparency 
VI1-4-H5 

a) List all of the watering units one has in 
use and the demand for each* and 

b) Determine d«aand allowance for the pump for 
iiveicock and poultry watering. ' 

4} For all combinations 

a5 Determine which use requires the greatest 
fixture flow for all three types of water 
demands* 

b) Substitute fixture flow figure of a 
particular appliance or piece of equipment 
for its demand-allowance figure if it is 
larger, 

c) Determine pump capacity heeded by adding 
all demand allowances and fixture flow 
figures. Thil capacity should be in 
gallons per minute (gpm). Pump selection 
would be based, theti, on how many gallons 
per minute it can pump. (Transparency 
VI1-4-I) 

6. Types of Pumps: (Transparencies 7I1-S-J and VII-4-O 

a. Piston pump, 

b. Centrifugal pump, 

c. Centrifugal-jet pump, and 

d. Turbine pump. 

7. Factors in Selecting the Type of Pump to Use 
a. Depth of water 
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1) If the water level Severs gets lower than_15 to 
25 feet below the pumpi ase a shallow^ell 
pump. 

2} If the water level is more than 25 feet below 
the pump, selection is made from a variety of 
pumps. 

b. Well Size 

1) This is a problem most pronounced in deep-well 
installations. Weils less than S inches in 
diameter maj create problems if large amounts 
of water are needed. However * a deep^well 
piston pump can be used in a well as small as 2 
inches in diameter. 

2) Jet pumps _an also be used in wells as small as 
2 inches in diameter. 

c. Pressure range needed for adequate service 

1) Most pumpe are designed for 20-40 psi pressure 
range. The pump cuts on when pressure goes to 
20 psi and cur:s off when it reaches *0 psi. 

2) A higher pressure range of 30 to 50 psi or 40 
to 60 psi is recommended in many cases where 
demand is great on one pump. Aiso^ since so 
many appliances and items of equipment require 
water on a farm, many recommend a higher 
pressure. 

d. Height water is lifted above pump 

1) If the highest water outlets arc no more than 
20 feet above the pumpi ho extra considerations 
are necessary for pump selection. 

2) If a ihallow-vell pump is more than 20 feet 
fcelbw the highest water outlet, this must be 
considered. This may require a heavier pump- 
ahd-mbtbr combination to get water to all the 
outlets. The aame is true with n deep-well 
pump. 

c. Pump location _~ This factor deals with whether or 
not the pump can be offset from the well or water 
source; that Is, can the pump be set nway from the 
well or must it be placed in the well? 



1) Shallow-well pump can be offset if 
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a) Pipe size is aople between the water source 
and pun , and 

b) Total height between water source and pump 
is within suction limits of the pump. 



2) A deep-well jet pump can be offset. 

3) A suboersible pump artist be placed in the well. 
The storage tank can be offset. 

f. Pump durability and efficiency 

1) Durability is dependent on proper pump 
selection and maintenance and on not 
overloading it causing it to burn out. 

2) Overall pu^p efficiency decreases rapidly at 
greater depths. 

g. Dealer Service 

1) Help select a pump that best fits the needs of 
the farm. 

2) Supply emergency parts and service for the pump 
when needed. 

8. Types of Water Storage Tanks: 

a. Elastic pressure cells — A metal cylinder 
with a 3-gallon capacity and an M astic liner 
inside that contracts tofbrce water out when 
needed, (transparency VII-A-L) 

b. Pressure tank — Pressure tanks operate by 
compressed air forcing water out as needed. Water 
is put into the tank until the air is compressed to 
a point of 40 psi and the pump shuts off. When 
water useii started, the tank is emptied until it 
reaches 20 psi pressure^ The pump then cuts back 
on to fill the tank. (Transparency VII-4-L) v 

c. Gravity tank — A gravity tank is located well 
above the level of buildings. Pressure is produced 
by gravity. The higher the tank, the greater the 
pressure. (Transparency VII-4-H) 

d. Reservoirs These are simply storage areas for 
water that provide no pressure in and of them- 
selves. A second pump is used to pump water to the 
demand points from the reservoir. (Transparency 
VH-4-BJ 
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Septic tank — In rural settings* septic tanks are 
essential for sanitation and convenience oh the 
farmstead. 

a. Septic tanks help the decomposition of components 
iii raw sewage wastes* 

b. Raw sewage consists of water and settieabie solid 
materials. 

c. The settieabie solids are called organic materials. 
When they settle to the bottom of the tank they are 
called sludge. 

d. The lighter organic materials rise to the surface 
and are referred to as scunu 

e. The sewage that is riot decomposed by the bacterial 
activity must be removed manually, this requires 
periodic cleaning. 

f. The liquid content (effluent) of the septic tank ts 
percolated into the soil and passes into natural 
water tables under the surface. Avoid discharging 
large amounts of water into the septic tank, as 
this tends to flood the tank and forces solid 
material into the purification unit. 

Construction of the septic tank: (Transparency 
VII-4-N) 

a. It is usually made of concrete 6 to 8 inches thick 
and reinforced with steel bars. Septic tanks are 
longer than they are wide with a minimum width of 2 
feet 6 inches and length of ho less than 5 feet. 

b. Inlet and outlet inverts are made of a long-turn 
sanitary tee that must be cast into the concrete 
sides of the tank, the invert should extend hot 
more than 15 i; *hes into liquid content of the 
tank. This allows incoming sewage to be emptied 
into the tank below the scum line. 

c. Inverts should be placed at least four feet from 
the bottom. 

d. the bottom of the tank should slope to one low 
point, this helps gather settled materials in one 
place and simplifies removal. 

e. A manhole cover must be a part of the tank and 
extend a few inches above the ground surface. This 
manhole is necessary for cleaning, inspection^ and 
repair of the septic tank* It should be noted that 
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after long months of use, harmful and dangerous / 
gases. accumulate in the tank. Therefore; the 
manhole cover should be reaped several days prior 
to cleaning the tank. This will ensure plenty of 
ventilation while a person is working is the tank- 

11. Sixe of £ tic Tank: 

For a fami of six people, the septic tank should he 
no less th*a 2 feet 6 inches wide, 5 feet long * and no 
less than $ feet deep. For larger families, it ts a 
COTB«>n practice to allow 5 to 6 cubic feet cf tank 
content per person. 

12. Location of Septic Tank 

a; A tank should be located hot less than 20 feet from 
a cased veil. 

b. Care should be taken not to locate it close to 
windows or doorways because of unpleasant odors 
that are likely to enter a structure. 

c. Soil most favorable for disposal of effluent is a 
sandy type. The tank must be installed close to 
the surface of the soil so the bacteria can thrive, 
which aids in oxidation of the effluent for mor* 
rapid purification. 

13. Purification of discharged effluent: 

a. Dry-well — A dry well 1% a hole in the ground 
curbed with material to allow the effluent to leach 
into the soil. It has low purification efficiency 
and is used primarily as a leaching or distributing 
unit. Dry welleare usually located more than 166 
feet from any well or water source. It is normally 
6 feet in diameter with amahhple extending above 
ground; (Transparency VII--4-3}) 

b. Filter trench ~ this is an efficient purification 
unit and should b« located close to the soil 
surface. It consists of a ditchi to <^fe<?r deep 
with the bottom at a slight eloper Common 4 to _5 
inch drain tile is placed in the trench to sdrv* as 
a collecting line. The end must b* extended 
vertically above the soil surface. This allow* tor 
circulation of oxygen, which is important. The 
collection line is covered with 30 to 36 inches of 
gravel. It acts as a screen for suspended material 
and a source for aerobic bacteria that change 
suspended material into nitrogen compounds* A 
distributing line from the septic tank is laid 
directly over the collecting line. The length of 




tile is estimated at a rate of 10 feet per person 
contributing to the tank. (Transparency VII-4-P) 

c. Distribution Field — This type of purification 
uses the ground as the oeans of purifying the _ 
discharge froi the septic tank* This is useful 
when the soil is sandy^ gravel * or sandy loan. 
It consists of open-jointed tiie lines of no less 
than 5 inches in diameter. There is a main line 
with branches running off at 45 degree angl**. fha 
drain tile oust be close to the soil surface into 
fresh air vents at the ends that extend about 4 
inches above ground level. Fdr saridy soil, allow 
30 feet of tile per person or 50 feet for soil 
other than sand* 

Suggested Student Activities 

». * 

1. Students can draw diagrans/iiiustrations bh poster 
board illustrating how a septic tank and its 
purification system works. 

2. Students c&x give reports on the different types of 
pumps using a basic poster board drawing of the punp. 
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PERCUSSION DRILL ASSEMBLY 
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A nOTV/TM WELL 




DRIVE 
CAP 



DRIVE 
PIPE 



| DKtvE-P!PE 
W COUPLING 



SCREEN 



WELL 
POINT 



CENTER PIPE 



DRIVE PtPE 





SOIL. SAND S 
WATER RETURN 

WATER UNDER 
PRESSURE 

WATER JET 
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A DUG WELL 




TRANSPARENCY VIM-C 



A BORED WELL 




A CISTERN 
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PEAK DEMAND ALLOWANCE FOR HOME USES 



Demand Allowance 
Gals per rliNi 



Tub and shower 2,0 

2 Lavatories (.5 gpm each) 1.0 

Toilet .75 

Kitchen Sink 1.0 

Dishwasher .5 

Clothes Washer 2.0 
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DETERMINE THE DEMAND ALLOWANCE FOR THE PUMP 

Demand 
Allowance 
gpm 

Lawn or garden irrigation 
(1 sprinkler) 

Automobile washing 2,5 

One cleaning-hose use c « 

(floor gleaning) 

Total 10,0 
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DETERMINE THE PUMP CAPACITY NEEDED FOR 
WATERING LIVESTOCK AND POULTRY 



30 Dairy cattle., open housing, 
four watering spaces 

(.75 GPM EACH) 

30 Hogs, open housing, 
two watering spaces 
(.15 GPM each) .50 

1,000 Laying mm$, five 

WATERERS (.12 GPM EACH) i6f 




TRANSPARENCY VII-4-H 



323 



DETERMINE WHAT CAPACITY PUMP IS NEEDED 



Individual Fixture Flow Rate 



Home Only 



Tube and Shower 




8.0 


2 Lavatories 




1.0 


Toilet 




.75 


kitchen Sink 




1 .u 


Di SHWASHER 




.5 


Clothes Washer 




2.G 






13.25 


Peak Demand 


Allowance 




Home » Irrigation and 


Cleaning 


,- 


Tub and Shower 




2.0 


2 Lavatories 




1.9 


Toilet 




.75 


KITCHEN oINK 






Dishwasher 




.5 


Clothes Washer 




2.0 


Lawn or Garden Irr. 




2.5 


Automobile Washing 




2.5 


1 Cleaning-hose Use 




19.0 



22.25 
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TYPES OF PUMPS 




TYPES OF PUMPS 




Shallow-well 
Turbine 
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TYPES OF WATER STORAGE TANKS 




TRANSPARENCY VIM-L 



TYPES OF WATER STORAGE TANKS 




GRAVITY TANK 




CRG55-5ECOT OF SEPTIC TANK 



Inlet 



Top View 
Manholes 



□ 



□ 




r- t f N Fresh air vent 
H=» Outlet 



Buffle Plate 
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A DRY WELL FOR PURIFICATION 
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A FILTER TRENCH FOR PURIFICATION 
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A DISTRIBUTION FIELD FOR PURIFICATION 
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INSTRUCTIONAL AREA: Agricultural Mechanic* 
INSTRUCTIONAL UNIT VII: Farm Structures and Facilities 
LESSON 5: Farm Surveying 

I; Preparation for instruction 

A. Objectives 

1. Terminal: Set up and operate a farm level, 

2. Specific: 

a. Describe the uses of the farm level. 

b. Identify the parts of the farm level. 

c. Demonstrate the procedure for leveling a tarm 
level . 

d. Demonstrate the use of the target rod. 

e. Describe the process of staking out a building 
foundation. 

f . Describe the process of staking but fence lines. 

g. Demonstrate differential leveling. 

B. Review of Teaching Material 

1 # Basic Vocati onal Agricu l ture IS. College Station* 

Texas > Vocational Instructional Services Center* 
Texas A&M University, 1978. 

2. Phipps, L. J. Mechanic! in Agriculture. Danville, 
111.: The Interstate Printers and Publishers, 
1977. 

C. Special Arrang««ts 

Contact a local farmer to gain permission to conduct 
differential leveling on his farm. 
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Dw Materials required 

1 . Farm levels 

2. Philadelphia rod 

3. Record books for field notes 
II. Presentation of Lesson 

A. Motivation 

l i Discuss importance of leveling and squaring technique 
in building construction. In additions farm levels 
assist rice farmers in marking rice levels. 

i 

2, Allow students to go outside of vocational agricultural 
building and lay out a 20 ft. x 26 ft. square for a 
building foundation without the aid of a farm level. 
Check squareness. Following this . the instructor will 
do the same thing with the aid of the farm level i 
emphasising the difference in precision gained when 
using a farm level. 




Bi Content Outline ; 

1. Use of farm level: 

* *■ 

a. Staking out fence lines, 

b. Farm pond layout, 

c. Layout of water control and drainage system, arid 

d. Staking out building and structural foundation. 

2. Parts of the farm level: 

a. Turret type (Transparency V1I-5-A) 



1) Turret 

2) Telescope tube 

3) Graduated circle 

4) Leveling plate 

5) Slide screw 
*) Slide tube 

7) Leveling head 

8) Tripod head 

9) Leg bolts 
10} Boss 

11) Leveling screws 
b. Utility type 

1) Telescope 

2) Level tube 

3) Graduated circle 
45 Index arm 

5) Base plate 

6) Tripod legs 

7) Slide screw 
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8) Slide tube 



9) Leveling screws 
Setting Up the farm level: 
a- Set tripod legs finaly. 3% feet apart. 

b. Secure level to tripod head. 

c. Spike one tripod leg into the ground . 

d. Turn telescope over spiked leg and one other leg* 
the second leg should be spiked into the ground, 
adjusting it until the bubble is visible in the 
level PAbe. 

e. Turn level tube over the third leg, spike it into 
the ground and adjust until bubble is visible in 
the tube. 

f. Tighten leg nuts on all tripod legs. 
Leveling rhe farm level: (utility type) 

a. Place telescope over two diagonally opposite 
leveling screws. Turn the screw an cqiial distance 
in opposite directions to center the bubble in the 
leveling tube. 

b. Turn the telescope over the other two diagonally 
opposite leveling screws and repeat the process. 

c. Repeat the process several times until the bubble 
retrains in the center of the tube. 

Use of target rod: 

a. Types 

15 Philadelphia Rod — this rod is graduated in 
feet, tenths, and hundredths. It has 
extensions so sabre height can be read. 

2) Architects Rod — It has graduations Just as 
the Philadelphia rod hut is much lighter and 
shorter. It also has extensions. 

3) Self-Reading Rod — This is used primarily for 
surveying land, running change lines 9 and noil 
conservation jobs. 

b. The rod is used to measure elevation or heights of 
objects compared with the height «f the instrument i 
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Grades are established by moving the target rod 
over the ground. When the grade is higher, lover 
nadbers will be read bh_ the rod and the opposite is 
true when the grade is lower. 

c. A rodman stands behind the rod and holds it in a 
vertical position. It should be placed oh firm 
ground aid not in a depression or a rise oh the 
ground surface. 

Staking but a foundation: 

a. Rectangular foundation (Transparency VII-5-B) 

1) This operation must be done frbtn an established 
line such as the side of a building, a road, a 
property lihe^ or other reference line. This 
is line AS. 

2) Locate the point representing the lateral side 
limit for a front corner £c) of the structure. 

3) Set up level at point e and sight to point E. 
Turn the telescope 90° and establish point D. a 
front corner of the structure. 

4) Move instrument to point E. This is a greater 
distance along AB than the intended length of 
the structure. Sight back at G, turn the 
telescope 90* and set a stake at point F. 
Point F should be the sane distance frbtn AB as 
D. therefore, CD equals AB. 

5) The frontline cf the building is established by 
marking off the length of DG along line DF. 

h) Return the instruasent to point C. Sight point 
1 1 tucn the instruMent 90* and sight along this 
line to establish H, a rear corner of the 
building. 



7) Move level and set up at G t sight and swing 
the telescope 90*. Identify 1, the other rcnr 
corner of the structure. 

8) To check work, measure IH. It should be equal 
to DG. 

b. Irregular shaped structure (transparency VII-5-B) 

1) Lay but main rectangle first. 

2) Small rectangles are then laid but. 
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3) Points and measurements should be checked on 
all rectangles; 

c. Setting up batter boards 

1) Batter boards. are horizontal boards fastened to 
small posts placed hear the corners of the 
proposed structure. They will be used to nark 
the outline of the building. (Transparency 
VII-5-G) 

2) Staice out corners as located in above 
procedure. Drive a nail in the top of each 
stake to indicate the outside line of the 
foundation vails. 

3} Three 2x4 boards of suitable length are 

driven at each location about 4 feet beyond tl.e 
lin^s of the function. The 1x6 boards are 
hailed horizontally so the tops are level. 

4) Hold sotJ&e stout twine over the tops of opposite 
boards at two corners and adjust it so it is 
exactly over the nails in the corner stakes at 
either end. Fasten string to batter boards. 

Be sure to mark the string location on the 
batter boards so they can be replaced easily if 
broken. (Transparency VII-5-D) 

7. Staking out a fence line (Transparency VII-5-E) 

a. Set up the instrument with the plumb bob bisecting 
a corner stake of a completely hew fence. Pbirir 
telescope in the direction of the fence line* and 
place tfte graduated circle at zero degrees. Align 
ail stakes with the vertical crosshair. 

:>„ When all stakes arc aligned in one fence line, tarn 
the telescope 90°. This will be the other proposed 
fence line that will intersect fit the corner. 
Align stakes with the telescope £t\d -rcasurc thi- 
distances with a measuring tape. 

8. Differential leveling (Transparency VI1-5-F) 

a. Differential leveling is used to determine the 
relative differences in elevation ar. different 
points on a farm. This is useful in running 
drainage liners and constructing soil conservation 
structures. Permanent, known elevation points are 
called bench marks. A bench mark can be a boulder, 
concrete slab* or some other pemnnent spot. Tr i p 
used as a reference point to determine eleVatinn ii 
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unknown points. In aest fans surveys; the 
elevation of the first bench nark is assumed to be 
100 feet and other elevations are determined in 
relation to this bench mark. 

Set up the instrument at a distance away from BM-I 
toward BM-2 not farther than 350 feet. The level 
should be located near^the center of two readings, 
BM-1 and TP-1 for example. (Transparency VII-5-F 
and VII-5-G) 

Take a reading m BM-1 and record it in the field 
notes (Transparency VII-5-H) to be carried with the_ 
reader. This reading is called the backsight. 
This is added to the last known height to give the 
elevation of the line of sight, called the height 
of the instrument (HI5 . 

The next reading is taken at TP- 1 where a temporary 
stake is set. It is called a foresight (FSh It 
is of unknown elevation and subtracted from HI. 
This how becomes a known elevation and ihe 
instrument is moved between TP-1 and TP-2 to take a 
backsight on TP-1. 

This survey is continued until the last FS is taken 
at SM-1. 

There is usually a small amount of error between 
the final reading and the assumed elevation of BM-1 
at 109 feet. This allowable error is determined 
by: 

Allowable error « .014 times the square root of the 
lengths of the traverse in feet divided by 1D0. 

Field notes must be kept in differential leveling. 
Examples are shown in the transparency. 
(Transparency VTT-5-H) 

1) Record a descriptive title at the top of the 
first page rbr each job. 

2) Use 3H or 4H hard lead pencil. Never use ink, 

3) Information should be filled in immediately, 
accurately, and neatly. 

A) Put all information in the proper column and 
row. 
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ggested Student Activities 

Arrange forafield trip to a faro to do an exercise 

differential leveling. This may be arranged to 

coincide with a need a farmer may have in this area. 

Provide students with equipment to lay out a sinpie 
rectangular structure and an irregularly shaped 
structures 
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PARTS OF FARM LEVELS 




TURRET TYPE 

A ttmitkr 
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LAYOUT OF A SIMPLE RECTANGLE 
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LOCATING OUTLINE OF STRUCTURE 




'OUNOATlOto «fc*tL 



TRANSPARENCY VII-5-C 
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FINDING OUTLINE CF STRUCTURE 
USING BATTER BOARDS 
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STAKING OUT FENCE LINES 



COMPLETELY NEW FENCE 
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^ TO BE MADE i *3 
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AN EXAMPLE OF DIFFERENTIAL LEVELING 
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INSTRUCTIONAL AREA: Agricultural Mechanics 
INSTRUCTIONAL UNIT Vin Farm Structures and Facilities 
LESSON 6: Farm Plumbing 

1. Preparation for Instruction 

A. Objectives 

1. Terminal: Measure, cut, and join plumbing pipe. 

2. Specific: 

a. identify common plumbing fittings and pipe. 

b. Identify common plumbing tools. 

c. Identify types of plumbing pipe. 

d. Describe how to select piuSbing fipe. 

e. Demonstrate how to measure plumbing pipe. 

f. Demonstrate the technique for catting plumbing 
pipe. 

g. Demonstrate the process of threadit galvanized and 
black pipe; 

h. Demonstrate the technique for flaring copper 
tubing. 

L. describe the process of soldering fittings onto 
romper tubitig. 

j. Demonstrate cutting and joinicg plastic pipe. 

B. F view of Teaching Material 

1 . Basic Vocational Agriculture IXX . College Station • 

Texas: Vbcatiocial Instructional Services €enter» 
Texas A & M University, 1978. 

2. Phipps, L. J. Mechanics in Agriculture. Danville. 

Ill*: The Interstate Printers and Publishers, 
Inc.* 1977. 
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C. Special Arrangements 

I. Prior arrangements for a field trip to a iocai plumbing 
store to observe the variouc tools; equipment; and 
supplies* 

,2. Obtain galvanized of black pipe, copper tubing, and 
plastic pipe for class exercises. Also, obtain the 
proper glue, solder, and other Supplies for joining 
pipe. 

II. Presentation of Lesson 
A. Motivation 

Use examples of poorly measured, cut ^ and J9i ne § pipe to 
illustrate the importance of this work being done properly. 
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B; Content 

1. Plumbing fittings: 

a. Pipe fittings are used to... 

1) Connect pipe, 

2) Change the direction of pipe* 

3) Reduce the size of pipe, and 
: i} Plug pipe* 

Pipe fittings are made for all types of. 
pirab'ftg pipe. 

b. Type" of fittings (standard) (Transparency 

Vij>6-A) 

1 ) Tee 

2) 90° ell 

3) 45° ell 

4) Coupling 

5) Cross 

6) Ground-joint Union 
7} Reducing tee 

8) Reducer 

9) Pipe cap 
10) fteg 

it) Close hippie 

12) Short nipple 

12) Long nipple 

14) 90* Reducing eii 

13) 90° Street ell 

16) 45° Street ell 

17) Bushing 
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18) 


Tank hippie 


19) 


Extension piece 


20) 


Floor flange 


21) 


Drop-ear ell 


22) 


Street tee 



c. Pipe fittings for copper, cast iron* and. plastic 
pipes are shown in Transparencies VII-6-B and C. 

Plumbing tools: (T'rariijpdrencies VII-6-D, E, and F) 

a. Pipe vise — This ty?«i of vise is specialty made 
for use in secur^ \. different sizes of pipe while 
cutting and threading procedures are in progress. 
It should be noted this vise is different f rorc a 
regular type of shop vise. 

b. Pipe cutter This cutter is much more desirable 
than using a hacksaw to cut pipe since it cuts 
smoother, quicker, and straighter. 

c. Stocks and dies — These are the tools used to 
thread the pipe after cutting. The dies are 
IntercRsngeable in the stocks so that different 
size<* pipe may be threaded. 



d. Pipe wrenches Several sizes and types of 
wrenches are available. Usually two wrenches are 
needed to tighten and loosen pipes and fittings. 

e. Burring reamer ~ When a pipe is cut, burrs are 
made on the end and can be removed with a reancr, 

f. Flaring tool ~ The flare tool is used to form a 
flare bh the ends of copper tublvv when flare type 
of fittings are used. 

g. Tube cutter — The tube cutter is used to cut 
copper and similar types of pipe whiv are too 
small to be cut with a pipe cutter. 

Types of plumbing pipe 

a. Galvanized — This has been the most commonly used 
plumbing pipe for farm use. It will last iO to SO 
years under normal conditions. One-£ighth inch it: 
Olataerer is the smallest size, while 12 inches is 
the largest. Pipe size is determined by inside 
pipe diameter, not outside diameter. 
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bi Black steel pipe — This pipe is most commonly used 
for gas lines, it is hot used for moct plumbing 
jobs because it corrodes easily* 

c. Copper pipe Copper tubing comes in two kinds: 
Type K-« -heavy duty, and Type L — the standard copper 
pipe. It will normally last from 40 to years; 
It ie purchased in 25-foot coils and is sized from 
1/8 inch to 1 inch in diameter, 

d. Plastic pipe — There has been a dramatic increase 
in the use of plastic pipe. It is easily laid and 
does not require any special tools. The pipe is 
Joined with a special giuei Initially , pLastic 
pipe was not used for hot watery However f plastic 
pipe can be purchased for hot water use but must be 
specially asketf for when buying; Pia6tic pipe is 
available in rigid 10 foot sections or in 60 foot 
coils. The coiled pipe is not reconsnended for 
inside home use. 

e. Cast ivbxi pipe ~ This pipe is used for drains ani* 
vents. It ranges in size from 2 to 12_ inches ?n 
diameter. It does not corrode and will last 
indefinitely. 



A. Factors to consider in pipe selection: 

a. Mineral or chemical content of the water, 

b. Resistance to corrosion, 

c. Life expectancy » 

d. Reconsnended pressure, 

e. Resistance to deposits, 
£; U6e of the pipe, 

g. Lengths available, and 

h. Cost. 

5. Measuring pipe — The most accurate method for 
measuring the amount of pipe needed between two 
fittings is to measure the distance from the center of 
one pipe to the center of the other pipe, then, 
subtract the diameter of the pipe for each thread. For 
example, a farmer using or :-incb pipe would subtract 
two inches from the length of the_pipe* one for each 
end of the pipe; (Transparency VII-6HG) 
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6. Cutting pipe: (Transparency VII-6-H) 

a. Fasten the pipe in the vise with the measuring 
mark four inches in front of the vise; 

b. Slip the opened pipa cutter over the pipe and turn 
the handle until the wheels are smug against the 
pipe at the mark. 

c. Place some cutting oil on the mark. 

d. Tii " — i the pipe cutter around the pipe* screwing the 
hi»i I'd in ohe-fburth turn per revolution around the 
pipe until it is cut off. 



e. Remove burrs that are left inside the pipe. 
(Transparency Vii-6-i) 

7. Threading galvanized and black pipe: (Transparency 
VII-6-J) 

a. Clean pipe of rust, irt, and other material. 

b. Remove any burrs made from cutting the pipe. 

c. Secure pipe in a pipe vise. 

d. Apply cutting oil to the die. 

e. Apply inward pressure on the die as it is turned on 
the pipe until die is engaged on the pipe. 

f. Apply oil frequently to the pipe just ahead of the 
die. 

g. Continue to thread pipe until one thread is shoving 
outside of the di*. More threads should show on 
large pipe. Do not turn the die backwards and 
forwards because this will damage the threads. 

h. B*ck the die off carefully. If it catches, turn 
the die forward to dislodge metal chips. 

i. Clean oil from the pipe and remove the pipe from 
the vise. 

8. Flaring opper tubing: 'Transparency VII-6-K) 

a. Slip a sleeve hut bri the copper tubing. 

b. Wrap tubing with cloth and place in a vise. 

c. £ppiy a few drops of oil to tha flaring tbci. 
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d. Place flarihgtool oyer the end of the tubing and 
place tubing flush with the tool surface. 

e. Screw the flaring tool into the ctvi of the tubing 
to make a flare. 

f. Remove the toot and slip the sleeve nut in 
position. It is now ready to be placed oh the 
fitting. 

9. Sweating joints or. copper tubing: 

a. Cut copper tubing and remove burrs. 

b. Clean thbrbugly the area of the tubing to be 
covered by the fitting. Also clean the inside o£ 
the fitting. 

c. Apply flux to the clean portion. 

d. Place the fitting on the tubing until it is firmly 
against the shoulder of the fitting. Turn several 
time6 to distribute the flux. 

e. Apply heat until the flux snelts and the copper will 
melt the solder. 

f. Apply solder to * he edge of the fitting until the 
solder fills the ^biht by capillary action. Remove 
the fiace as soon as the joint is filled with 
solder. 

g. Allow the joint to cool. 

10. Cutting and joining plastic pipe: 

a. Cut pipe with a hacksaw to the desired length. 

b. Cut off residual shavings with a pocket knife. 

c. Clean the portion of pipe to be covered by the pipe 
and inside of the fitting with a special cleaning 
solvent. 

d. Apply special glue to the surface of the pipe and 
insid* of the fitting, 

e. Push the pipe into the fitting until it contacts 
the shoulder of the fitting. Turn the pipe turn 
to distribute the glue in the lo— :T 




Suggested Student Activities 

1. Have student draw a poster aural illustrating the 
different types of plumbing fittings; 

2. Allow three assigned groups of students from class to 
construct a board with the various types of fittings 
for an assigned type of pipe. One group will take 
galvanized pipe, one group will take copper tubing, and 
the other group will take plastic pipe. 

3. Construct a plumbing project arid check to determine if 
any leaks are present. This project sbuld corisist ot a 
2*3 foot by 2*5 foot square made of various sized ^pipe 
and fittings with a faucet attached. 
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KINDS OF PIPE FITTINGS 

STANDARD FITTINGS 





GROUND-JOINT UNION 



C — 





F A i) 



?0"Ell 
(ttifftl 






RETURN SEND 




6 H * t- — H— ^ 



REDUCER 



4i*EU 



BUSHING 



iFLOOfi FLANGE 



PLUG 






CROSS 




EXTENSION PIEC 



PIPE CAP 




DROP* EAR ELL 
CLOSE NIPPLE 



[ 



SHORT fflPPUE 



LONG NIPPLE 



TRANSPARENCY ViI-6-A 
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TANK NIPPLE 



1 



KINDS OF PIPE FITTING 




TRANSPARENCY VII-6-B 
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i\ i ,\ 03 OF Pir£ f>\ V i!\GS 

COPPLR FITTINGS 





PLUMBING TOOLS 




|7 TRANSPARENCY VII-6-D — 
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PLUMBING TOOLS 




PLUMBING TOOLS 



PIPF VJRFKir.HFS 

t • t wm » * is^tivi t mm w 




SIZES e TO 48 INCHES 



SIZES 6 TO 36 INCHES 



PIPE THREADERS 




STOCKS ANL DIES 



fVlEASiJ RING PIPE 



DISTANCE 
BETWEEN FITTINGS 



1 



r 2T 



'T " 



— V 



f PIPE 



DISTANCE 
CENTERS 



BETWEEN 
OF PI^ES 



B 



il ! 



J 



r--P---i 

f--r-i 

I I t 



DISTA 



SAMT DI5JANCE 
AS ABOVE 



i i- 1 

fore "J 

1 

i 

i 

_4- 



— - J ... 
AND 



; Dl 



STANCE 15 MEASURED I 
L BE D I^TA K C E TO CUT PIPE 
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CUTTING PIPE 




TRANf^'RrNl'Y Vil-S-H 
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REMOVING BURR FROM PLUMING PIPE 
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THREADING PIP£ 




FLARING COPPER TUBING 





Close die block with tub i U( 

EXTENDING SLIGHTLY ABOVE T. 
BLOCK. 




Place flaring yc -It over the end of the 

TUBING AMD TIGHTEN HANDLE TO FORM TMt FLARE. 

TRANSPARENCY VII-6-K 
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I SSTRUCt iONAL AREA: Agricultural Kechariics 

INSTRUCTIONAL UNIT VII: Fare Structures and facilities 

LESSON 7: Farm Concrete 

I. Preparation for Instruction 

A. Objectives 

I. terminal: Plan* prepare* an<? cse concrete in :he 
construction of far© facilities. 

?. Specific 

a. Explain the importance of »aso iry on the tana, 
b- Identify cozanon masonry tool?. 

c. List th* ingredients; in concrete. 

d. Discuss the proper mix.hg ration for concrete. 

e. Estimate the amount of concrete needed for n^r.cnrv 
jobs* 

f. Describe the process of form construction. 

g. Demonstrate placing; finishing, and curing 
concrete. 

h. ^plainl the* ijn^ortarice oi having good foundations 
and footings. 

i. Dereonfltrate prepa atibn vs* of nbrcai. 
j. Demonstrate laying oi concrete blocks, 

L. Review of teaching Material 

1 Ba^i c Vocational Agriculture II a nd IV . College 

* 3t. tioh # _T^xas: Vo^atiDnai Instructional Serviced 
Cei.rer, Texas A & -A Universit?, 1978 

K?1pps, w. J. //chaujr g jh Agri ^ ijijjWj . Danviti', 

it':* Ihtri^taie rr1ht<jrs a ; i: Publishei^, I;c;s 

ERLC 



3. Vafcetsan, t. J; and V; L;_McJoy; the Faro Shop ,. Rev 
York: Kseaiiian Coop any; 1966; 



Special Arrangements 

Contact lozal farmers if they need a>v- casonry vcrk 

^nne cn their far.:. ?.<-c'5 4s a slab poured oc *: small job: 

; ; r!iexe is a n*vd, coordinate a trip to a . ire. with 
r.eritssioni to do the job for that farcer- 

rtaterial ReqaJ? -.d 

1. Cement, sand, aggregate, water 

2. Ccincrst** blocks 

3. Masonry tools 

4. Hot Jar nixture iQ£~ediert6 
-rseatation of L*S»>0!jl 

Motivation 

!. Discuss importance cf proper use of concrete and >brta 
in construction in terns of poof ctiiistrti ti. '\ and thr 
results, 

2. Illustrate How coney can be <%aved by doinp, masonry and 
cor^rcte vbi> yourselt • 
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Content dutline 



1 . Inporrrinr^ of Btssonry on the farr: 



?. is adaptable and useful in a wide variety of 

hi tiiiatiens. 

b. It Is permanent. 

c. It la sanitary and easily cleaned, 
d; it ts fireproof. 

e. It is economical to install and caihtain. 

f. It can be used easily by the faraer; 
Z, CcnsflfibtJ tools: 

a. Wheelbarrow 

b. St -aight-^dge or Strike-off rod Ibis is used for 
striP' ing-<)ff the excess concrete ft'x? f he surf ace 
of a poured area. It etasc be straight 2nd trit. 

c. Temper — This is used to cbnpact the ioikr^re irt_ 
ilatwork construction after i* has ber : . «>tiuck off, 
(transparency VII-?-/.) 

d. Darby — A Jarby is a lcr:g t flat, recr:-v;- ^ piece 
of wood, aluminum, or u^gnesiura fros 1 if ^ r.hvs 
wide with a handle on top. It is asd to - * • Ire 
surface of a concrete slab immediately at I -as 
been struck off. (Transparency VIT-7-fej 

e Bull Float — ft Urge, rectangular pi'JCi wood or 
8 inches wide and 42 to 60 inch** long; with a 
4 to 16 foot Tiaiviilc. The function is the uamu as 
t!iat or the dirty. (Transparency VI1~7~B) 

f. *dg»i — Edgcra are about t> ihchen look "'id . are 
•tsed tr pec dace a radiur -t the iMlig* o\ 2 Slab. 
fTralS;*srency %*Il-7-£> 

g. Jointer or Groove - • 'this in ;;&ualiy sb«t ^ 
inches long with a tiittip \ edg? in _ t\e center 
running fr<pi J/16 tc 1 xr,rh in depth. *t is used 
to cvt a Jd:ti* part oT the way through tresh 
concrete- (Transparent; VII-7-C) 

h. Har.v float This ia_u*ually made of u:tfraimSin, 
mag.if * iunu or wood. They Cijvt In various _£i2Cfi- — 1? 
or io inchea long by 3*3 inches viiie for aiSininur* 
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and 12; 15, or 18 laches Jong by 3*5 or «*j inches 
wide for wooden float©. !lahd floats are used to 
prepare the concrete surface for t reveling. 
(Transparency YIf-7-B) 

i # Hand trowel — These range in size froo 10 uq ?0 
inches long and 3 to 4k inches wide; The purpose 
of steel troweling is to give thr surface a dense, 

f4«v4«LK /Tr^ncnaronrv UT T ™7 — F\ 

SOUUiTl *• i. niott • \ » » ^t ^y * — »* ,y * — — * — - * 

Ingredients in cbhcrv 

2. Portland cement — This is a affivufactured product 
consisting of a mixture of limestone and cLay which 
is ground and heated until It oelts together in a 
clihicer. this clinker is finely ground* forming a 
gray powder known as Pert land cement, 

b. Sand 

c. Aggregates ~ These are r^aterials used to give bulk 
to tie concrete. 

1) Fine materials that will pass through a V 
inch are&h screen are caJled fine aggregate. 
Sand and crushed stohr screenings are included 
in this category; 

:) Coarse aggregate — ThJ material if usually 
gravel* pebbles, or fafihed rock buger than \ 
inch. 

All a^greejatrs should be clean, ha r 4 , evj free 4 'r^o 
t feign toiteri^T. 

d* Water — Vat«r should be cl^nn omd free trow o< ] . 
alkai^ r an- acid- 

Factors Influencing strength of concrete; 



a . 


QwiUtv «nc amount of cemenC, 




b; 


Kind* size* and « ^tiht of agRrogufo 




r . 


Anount of clean watfcr used. 




d. 


Way the ingredients are mixed and p 


Laced , nrid 


e . 


Ftopcr cutins of the mixture alter 


it i»i plri< ed . 



Mixing r*tio Concrete taixturca vtk spoken of in 
teres indicating proportions of the materials* A 1:2:3 
mixture would consist of one part (by volume) o; 



1 7*i 
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ceeent, two parts of sand, anc three parts of pebbles. 
Thie ratio ©ill vary depending on how wet or dry the 
aggregates are and how the concrete is used. A 
watertight concrete mixture would have the ratio of 
1:1:1 3/4 or ill 3/4:2. A slow curing period is 
required for this mixture. It is very important to use 

m ~ ^ w- ~ *^ AMAitfi •> * t >rov rv^» ecr'V s ro nto n »• Kor ai> c-O 

wire vui *.cri-w iumvwu w» f >- • -•»—'«- ^ — v«*»w»- 

excess water weakens the concrete and makes it more 
porous; For normal exposure* six gallons of water pc 
Bag of cement and six Bags of cement per cubic yard of 
concrete is recommended; 

Estimating concrete needs: 

a. The unit of measure for concrete is the cubic yard. 
Ready-mix concrete is sold by the cubic yardi 

b. To determine the amount of concrete needed, find 
the vblutse in cubic feet 6i the area to be 
concreted and divide this .gute by 27. The 
fbilcwing formula is used foi square or rectangular 
areas; 

cubic rards width in feet x length in fert x thickness 

of concrete - — in feet 

?7 

After computing this fomu±a, add t to iC percert 
for waste and slJ^ht variutiens. 

7. Form r * ^ruction (Transparency VII-7-F) 

a. Fbrtu are necessary to mold and hold nay concrete 
in *>h*pe until it has set. Strong, rigid, and 
vgil-braced forms are essential to prevent sagging, 
bulging^ *nd warping. 

hz Seasoned boards 1 inch thick are often They 
should be smooth* straight and fitted tbfcath*;' 
without cracks. Plywood is also used in form 
r instruction because of its strength and large 
,ufface at- a with no cracks; 



c Bracing aud tying an* important. Post** (?xA) are 
pUced at £bcut 2 loot apiclflfts; They should be 
properly braced *nd tied together to keep t\w forms 
from spreading. 

d; ^t is ul> 1 table to spray the surface of the forme 
with cil prior to pouring concrete to nake fbrw 
reiso* al e*3if r; 

9!. Normally, during warm weather, two or three day* _.i 
sufficient for form to remain i ; place for vails 
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and small projects. In cold weathers they skbuld 
stay about twice as long. However* in no case 
should forms be removed ur>il it his been 
determined that the concrete has thoroughly set. 

8. Placing, finishing* and curing concrete: 

a. Placing concrete 

1) Concrete mixture should be placed within 3D 
to AS minutes after water has been added, 

2) Tamp and spade the concrete mixture so it 
will settle into a solid * dense mass with 
no air pockets around aggregates, in the 
corners of forms, or around reinforcing 
material. 

3) A spade can be used to work the mixture 
against the side of the forms. 

4) A straight edge and level should be used to 
level the top face of concrete forms. 

b. Finishing concrete 

I) A wooden float Is used to smooth the 
surface of the concrete exposed to the 
weather. 



2) After placing concrete proceed with the 
following steps: 

a) Initially float with darby or bull 
float, 

6) Wait for bleed water to disappear 

(lh-2h hcmrs), 

c) Edge, 

d) Hand float (magnesium), 

e) Trowels 

f) Broom finish, and 

g) Apply clear plastic for curing. 

Curing concrete ~- curing lmprovcc the strength 
of the concrete by about 50 percent when 
allowed to act for 7 days. 
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1| fflatcr caring is doms by «±st spraying or 
sprinkling to prevent evaporation of six 
waters If this ias c^oe. the ccrncrete trust 
not be allows to d y between applications 
of water* 

ij Curing cm alio be done by water retaining 
methods such -m covering the concrete with 
s&nd* burlap, ^^vaa» or straw. These 
materials are jcept damp daring the curing 
process* 

3) Mefcfcamicii barriers of waterproof paper or 
plastic Seal in the water prevent evapor- 
ation. Additional water is hot required 
with this typ£ of covering. These 

£<sve rings cm be applied as sson as the 
tflmcrete has hardened enough to prevent 
Efface damage. 

4) Ci^^rete should be cared for at least 3 
dMf^Jmd preferably a week after it is 

pl^irecS* 

5) The iaoat favorable temperature for curing 
is $5 to ?3 degrees F. 

61 t/ ttefcz lag. occurs within the first 2S 

i afterf placing the concrete, permanent 
;$}jury m the concrete will occur. 

lmp&i;fcm£& of foy&dmloTk and footing: 

a. h foundation is designed to distribute the 
weight of the building and its contents so that 
tRi* soil can support the entire weight of the 
structure. 

b. A foundation consists of the bed (earth giving 
•upport), footing (wide part of foundation on 
the bed), and the wall (part of the foundation 
resting on the footing). 

c. Normally tfta footing is twice as wide as the 
foundation mil and as thick as the wail is 
wide. 

d. Concrete masonry wails are constructed by 
placing a bed of mortar on the footing to 
provide s good joint between the footing and 
block. 
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10; Preparation a©«d os-t of ssortar: 

a. The purpose ef mortar is to fcotid brick, stone, 
or blocks together to form strong walls and 
partitions. The strength of a bbrtar bond is 
aff^'jted by: 

1) Quantity and type of cementing material § 

2) The plasticity of mertar and its 
workability. 



K| sJater-hoIdiitg capacity of the mortar* 

&3 Surface texture of the bedding area where 
ssortar is used, 

5) Rite o* suet fen of the blocks or units, and 

6) Quality of workmanship . 

b. Mortar should be used within 2-3 hours after 
nixing. If the mixture fcigihg to stiffen it 
can be retempered by adding h small amount of 
water and remixing. The ingredients in iortar 
ire sand, water, and i ready mix of cement and 
hydrgted lime; The proportions of materials by 
vbluSa? are: 



Cedent 
1 Portland Cement 
1 Masonry Cement 
! Masonry Cement 
plus 1 Portland 
Cement (heavy load 
construction) 

Water is then added until the mixture becomes 
"plastic 11 and works well with the trowel, 

11. Laying concrete blocks 



Hydratfe<t jtime 

i to ik 

1 to 1% 



i to ik 



t ^r Sa nd 



4 to 6 
2h to 3 



4*5 to 6 



a. Place blocks on a pallet to keep them off the 
moist ground and cover to keep them from 
getting wet. Blocks must be kept dry before 
and after laying. 

b. Locate corners and string but the first layer 
of blocks and align with a chalk line. 
(Transparency V11-7-HJ 

Ci Remove these blocks and place a full mortar bed 
on the foundation wall. Place corner bl^ck 
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first* Apply mortir to vertical joints before 
setting the© In place, ttoen place portar on 
the thicker surface of the block. 
(Trmsparmty tni-7~H) 

d. After Trying a few blocks, check alignment and 
pliumbness by using a level. K trowel is used 
to tap blocks in place. The firtt course ©est 
be level and plumb so ^cceeding courses will 
be easier to lay. {1 msparency VI I- 7-1) 

e. Apply mortar on each side of the laid block. 
Then *pply «>rtar to the vertical edges of the 
block to be laid. 

f. Lay corners first, making four of five courses 
hi ghe r than the cen t er of the wa 1 1 . Aga in p 
cheek the wall ^or being level and plumb. 
(Transparency VTI-7-1) 

g. Lay the blocks between corners by stretching a 
line so that, the top of the course b^ing laid 
will touch the line* Blocks are leveled and 
aligned along the course by tapping with a 
trowel handle as they are set in place. Remove 
excess mortar and rework it on the mortar board 
before using the next time, (transparency 
VII-7-J) 

h. Close the course being laid by putting mortar 
on all four vertical edges of the blocks and 
lowering the closure block into place. 

i. Tool mortar Joints when the »brtar becomes 
thumb-print hard. This is done to force the 
mortar against the block edges and create 
uniform, clean lines. A 5/8 inch rburtd bar 
will produce a concave joint » and a % inch 
square bar will produce a V-shaped joint. Rub 
the wall with a burlap bag to remove mortar 
burrs, (transparency Vii-7-J) 

j. Tie bars, embedded in the horizontal joints, 
are used to connect bearing walls which 
intersect the face of the main wall. 
(Transparency VII-7-K) 

k. Nonbearing walls are joined to the main wall by 
using h inch mesh galvanised hardware cloth in 
horizontal joints of both walls. 
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Suggested Student Activities 



K Students will construct a taasbnry project on a fare* 
arrangements can be aide with Iqg&I farriers. 

2. Layout a concrete wail beginning in one corner ind 
extending from i Sat corner 10 feet in both direction 
a 92 degree angle from the corner. It should be 5 £c 
high. 




HASONRY TOOLS 




TAMPER 



TRANSPARENCY VII-7-A 
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MASONRY TOOLS 





MASONRY 



TOOLS 




MASONRY TOOLS 





HARD FLOATS 
TRANSPARENT VII-7-D 
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MASONRY rakS 




FORM CONSTRUCTION 




TRANSPARENCY VH-7-F 
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TWICE WIDTH DRAIN TILE FOOTING 

OF WALL 

TWO TYPES OF FOUNDATION! 



TRANSPARENCY i\l-H 
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LAYING MASONRY UNITS 



ALIGNING FIRST COURSE 




LAY CORNER BLOCK 




TRANSPARENCY VII-7-H 
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LAYING MASONRY UNITS 




COURSE POLE 

CHECK PLANE OF WALL- 
PLUMB WALL 



TRANSPARENCY VI I -7- 1 3 ^ 
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TRANSPARENOT VII-7-J 
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Tf&NSPARENeY VI I-7-K 
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INSTRUCTIONAL AREA: Agricultural Mechanics 

INSTRUCTIONAL UNIT VIII: Cold Metal 

LESSON: Procedures for Working with Cold Metal 

I'm Preparation for Instruction 

A. Objectives 

1, Terminal! Identify and perforta procedures in working 
with cold metal. 

2. Specific: 

a. Identify common types of metal. 

b. Demonstrate procedure to cut cold metal. 

c. Demonstrate procedure to file cold metal. 

d. Demonstrate the process of drilling holes Ut cold 
metal. 

e. Demonstrate tapping and threading of cold metal; 

f. Demonstrate selection and use of bolts in cold 
metal work. 

B. Review of teaching Material 

lc Phipps, L. J, M echanics In Agriculture , Danville. 

Ill,: Interstate Printers and Publishers^ Inc.* 
1977. 

2. Wakeman, T. J. and V. L. McCoy. The Farm Shop . New 
York: Macmlllan Cpmpany, 1960. 

C. Materials Required 

1. Rod for making bolts 

2. Assorted nuts* bolts* screws, and washers 

3. Assorted sixes of various types of metal 

4. Assorted sizes of h - *i inch metal 
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Presentation of Lesson 



A; Motivation 

1. Show materials that have been welded together and 
cannot be separated. Emphasize the importance of being 
able to bolt pieces of metal together rather than veld 
them. It allows one to change, adjust, and repair 
damaged parts easily. 

2. Demonstrate and discuss the general use of cold metal 
work in all types of farm machinery and the need for 
knowing how to work with cold metal. 



4m 
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li Common Types of Metal: 



a. Iron 

1) Cast Iron Cray cast iron is used to make 
engine blocks. White cast iron is used for 
bearings, plow shares, and moldboards for 
plows. It is brittJ.fis and cannot be bent. 

2 J Wrought Iron ~ This iron has most of the 
carbon removed * It is used to make nails, 
wire, bolts, pipe, chains* and rivets. 

b. Steel 

1) Mild Steel ~ This metal is low in carbon 
content. It is easily sawed, hammered, filed * 
or ground. 

2) Machinery Steel — this has a slightly higher 
content of carbon than mild steel. Machinery 
parts such as plows, beams, and braces are made 
from machinery steel, 

3) Tool Steel — This has a high carbon content. 
It is used to make cutting tools, hammers, 
taps, and dies. It is free from impurities but 
is difficult to weld. 

4J Alloy Steel ~ Metals such as chromium ^nd 
nickel are added to steel to give it certain 
desirable traits. 

c. Aluminum It is a lightweight metal used for 
sidings roofing, wire, etc. 

d. Copper ~ This is used primarily in plumbing and 
electrical wiring. Combined with sine or tin, it 
becomes brass or bronze alloys- 

e. Tin ~ It is a soft* silvery metal eised to coat 
cans, utensils* and metal roofing. 

2. Cutting Cold Metals: (Transparency VIII-l-A) 
a. Cutting Toots 

I) Hack Saw — This tool can be used to cut mild 
steel, hard steel pipe, or sheet metal. Place 
the metal in a vise close to the measuring 
mark. Begin the saw by pulling backwards until 



a caw kerf is started* Normally, 40-50 strokes 
per minute are considered the correct speed for 
6 awing , 

2) Cold Chisel --This type of tool cats metal by 
"shearing" tfeetai apart at the point of contact 
between the chisai and metal, * standard flat 
chisel is shaped at a 70 degree angle. 
(Transparencies VXII-l-B and C) 

3) Bolt Cutters — The fastest method of cutting 
round iron is to use bolt cutters. However v 
hardened steel should hot be c;jt in a bolt 
cutter* 

fa. GuttingDiffereht Typ<as of Metals (Transparency 
VIXX-l-C) 

1) Tool Steel Sormally^ tool steel is broken by 
sawing h the vay through the rod or bar and 
breaking it in a vise with a hammer. 



2) Thin Metal ~- Thi* isetal can usually best be 
cut by using metal ships and ©etal cutting 
shears. 



3. Filing Cold Wetal: 

a. Types of files by shape ^Transparencies VII J -D and 
EJ 



2) 
3) 



5) 



6) 



Mill — Made witti oniy singh? cut teeth, they 
are 4-16 inches in size. 

Flat — Similar to mill Tiles. 

Square --This file has four filing side* 
instead of two as with the mill. 

Round This is round in shape and tspers from 
shoulder to the point. 

Half-round — This file has one fiat and on* 
rou&3 side. 

Taper — This is primarily used for sharp«ening 
saws, T&e triangle, catstsae, am} crosscut 
files are the most popular. A three-cornered 
file it? a rape red type. 
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bo Procedure for filing (Transparencies YlXI-l-E and 



1) Stand facing the work #o chat pressure can be 
applied on the forvard stroke. 

2} For flat surface filing, hold the file at a 90* 
angle to she side of the itock. 

3) About 30 strokes per minute Id the proper speed 
to file mmU Always lift the file on the 
back stroke > 

fc. Clean the File (Transparency VIII-1-FJ 

1) Small particles of metal are easily removed by 
rubbing tfce file with chalk before filing. A 
regular file card is uaed to clean the teeth. 
Brushing should be parallel to the teeth. 

2) Steep files away from moisture. Avoid dropping 
the file or hitting it against other tools as 
this %fill damage the teeth* Store in a dry 
place. 

Drilling Roles: 

a. Types of Drills 

1) Portable electric drill — Good for drilling 
metal less than h inch thick. 

2) Hand drill — This drill is usually used for 
drilling holes h inch or less. It is used for 
light metal work. 

3) Breast drill — this drill is used to make 
holes in cold metal tip to H inch. 

4 J Post drill — This type of driM is used to 

drill large holes in metal. It is slow becau&e 
it is turned by hand. 

b. Types of Drill Bits (Transparency VUi-l-6) 

1) Flat — This bit is flat on both sides with two 
cutting ed*«. 

2) Straight-fluted — This bit has two straight 
flutes extending the length of the body. 

3) Twist — This is mast c ommo nly used in metal 
work. 
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c. Drilling a Hole (transparency VlII-i-H) 

i) Mark a cross(x) with a scratch awl at the 

center of the hole to be drilled in the metal. 



2) Mark it for drilling with a center punch soaking 
sure it if centered where the two lines cross. 

3) Select the proper size and type of twist drill* 
Secure the drill bit in the drill chuck. 

*) Secure the work to be drilled in a vise or 
clamp; 

5) Apply a lubricant to the drill arid hole while 
drilling. 

6) Use a steady pressure while drilling and let up 
as the point begins to pierce the other side of 
the stock. 

7) Remove chips and shavings with a brush* blunt 
tool* or air. These ttay accumulate and cause a 
drill to be twisted and broken. 

5. Tapping aid threading: 

a. tools (transparencies VI1I-I-I and J) 

1) For threading, toels required are dies, die 
stock (handle), vise, file, and oil. 

2) For cutting threads in holes, tools required 
are taps* adjustable top wrench* reamer* file, 
and oil. 

b. Threading a Bolt or Rod (Transparency VIII-l-K) 

1) Bevel the edge of the bolt. 

2) Place the bolt in a vice. 

3) Select the peoper die, place over the bolt 
(guide first)* and apply pressure which is 
turning clockwise. 

4} Apply lubricant about every third turn. 

5) Sack die ipjc turn to remove chip and loose 
nctali Remove the majority of the chips from 
the flute before removing die from the bolt. 
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5) It may be helpful to screw the die an a bolt of 
the same size diai&eter and threads to see if it 
is the correct die. 

c. Tapping a Hole (Transparency VI1I-1-K) 

1) Select proper twist drill for the size hole to 
be threaded. 

2) Secura the stack in a vise or with clamps. 

3} Apply downward pressure on the top while it is 
turned. Pressure is released after it takes 
hold of the metal. 



4) kpply lubricating oil during the process. 

5) Clean top flute before removing it from the 
hole. 

d. Three Types of Thread* 

1} N. Ci tips and dies are used for National 

Course threads (used on bolts and rods in farm 
machinery) . 



2) N. P. caps and dies are used for National Fine 
threads (used on tractors » cars, trucks). 

3) NPT taps and dies are used to cut National Pipe 
Threads. 

Bolts 

a. Purposes 

^ To fasten metal to metal or to fasten metal to 
other types of material 

2) To give strength to an object 

3) to make disassembly easy 

4) To fasten covers that conceal engine parts 

5) To make adjustments on machinery 

6) To reduce the cost of welding and cutting 

b. Types of Bolts (Transparency VIII-i-t) 

1) Machine bolts — these bolts have square or 
hexagonal head . they are used primarily in 
assembling machinery. 

. 189 407 



2) Stud bolts — These are bolts without a head 
and are threaded at each ehch It requires a 
ntit on each end if used in an unthreaded hole. 

3) Carriage bolts —These are used primarily to 
join metal to wood. This bolt has a square 
shMt that sinks into the wood to keep the bolt 
from turning white the nut is being tightened 
or removed, 

4) Machine screws — These are used in threadless 
holes and require nuts to be used for 
tightening. 

5) Stove bolts — • These bolts are threaded the 
entire length of the bolt and are used to 
fasten metal to metal. 

c. Bolt Threads 

U Machine bolts — NC and NF 

2) Carriage — NC 

3) Cap Screws — NC and NF 



4) Machine Screws — NC and NF 

5) Stove Bolts — NC 

6) Stud Bolts — NC and NF 

d. Types of Washers (Transparency VIIl-l^M) 

1) Flat rashers are used to protect the metal or 
other material from the bolt thread of hut. 

2) Lock washers fbr» a tension between the nut and 
the material to prevent the hut from loosening 
and backing off the bolt; 

e. Procedure for Using Bolts 

1) Place the proper bolt in the hole that has been 
drilled in the metal. 

2) Nuts are drawn tightly when bolting metal 
together. Over-tightening may stretch or twist 
a bolt, 

3) Bolts on vibrating machinery art tightened with 
lock washers under the huts. Flat washers are 
used between the nut or bolt head and the wood. 
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Suggested Student Activities 



1. Allow the class to nake two displays on cold metal; 
One display would be const meted to illustrate the 
different types of metals with a specimen attached to 
the display boards Each specimen would be labeled 
appropriately, the second display would illustrate the 
different types of bolts, screws, nuts, and washers 
used in cold aetal work. Specimens for this display 
would also be attached to the display board. 

2. Each student should be allowed to drill holes, use tap 
and die to make bolts and create threads in the holes, 
and connect two pieces of metal together in a 
prescribed exercise at the direction of the instructor. 
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CUTTING COLD METAL WITH HACK SAW 




Using Both Hands 




Use Pressure Forward Stroke « K - 

No Pressure On Back Stroke 



e 
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USE OF COLD CHISEL 




nwsRfliw vm-i-B 
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USE OF COLD CHISEL AND BOLT CUTTER 




Slitting Chisel 




Bolt Cutter 

TRANSPARENCY VIII-l-C 
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SELECTING FILES 




DOUBLE-CUT TEETH 




flat squire 



SELECTING AND USING FILES 




wmima viih-e 
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FILING PRACTICES 




wmma vui-i-f 

Us 
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TWIST DRILL SHANKS AND PARTS 



taller or 
morse shank 



blacksmith's shank 



straight shank 



square Shank 




TWIST DRILL PARTS 
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DRILLING A HOLE IN GOLD METAL 




center by making a cross 




dent with center punch 




lubricate drill 




drill round metal 
with V-block 




vise for drIN press 




hold metal in machinist's 
vise When hand drilling 
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TOOLS FOR THREADING AND TAPPING 




vise 




tap wrench 



tap 



vise 



T-tap wrench 



***** 



mi file 



punch 




tap wrench 
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THREADING AND TAPPING 





starting tap straight lubricating the tap 
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BOLTING IN METAL WORK 




national tine (UNf)threads national coarse 

(UNC) threads 

CAP SCREWS 

TOSTOCV VIII-K 



WASHERS AND NUTS 




Helical spring type washer 




wisher faced (WFJ hex hut 
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